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PREFACE. 



The study of Palaeontology, or the science which is 

«incerned with the living beings which flourished upon 
)be during past periods of its history, may be 
pursued by two parallel but essentially distinct paths. 
By the one method of inquiry, we may study the 
anatomical characters and structure of the innumerable 
extinct forms of life which lie buried in the rocks 
simply as so many organisms, with but a slight and 
secondary reference to the time at which they lived. 
By the other method, fossil animals are regarded prin- 
cipally as so many landmarks in the ancient records of 
the world, and are studied historically and as regards 
their relations to the chronological succession of the 
—gtrata in which they are entombed. In so doing, it is 
f course impossible to wholly ignore their structural 
laracters, and their relationships with animals now 
Hiving upon tiie earth ; but these points are held to 
occupy a subordinate place, and to require nothing 
more than a comparatively general attention. 

In a former work, the Author has endeavoured to 
furnish a summary of the more important facts of 
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Palseontology regarded in its strictly scientific aspect, 
as a mere department of the great science of Biology. 
The present work, on the other hand, is an attempt to 
treat Palceontology more especially from its historical 
side, and in its more intimate relations with Geology, 
In accordance with this object, the introductory portion 
of the work is devoted to a consideration of the general 
principles of Palseontology, and the bearings of this 
science upon various geological problems — such as the 
mode of formation of the sedimentary rocks, the reac- 
tions of living beings upon the crust of the earth, and 
the sequence in time of the fossiliferous formations. 
The second portion of the work deals exclusively with 
Historical Paleontology, each formation being consid- 
ered separately, as regards its lithological nature and 
subdivisions, its relations to other formations, its geo- 
graphical distribution, its mode of origin, and its char- 
acteristic life-forms. j 

In the consideration of the characteristic fossils of 
each successive period, a general account is given of I 
their more important zoological characters and their 
relations to living forms ; but the technical language of 
Zoology has been avoided, and the aid of illustrations 
has been freely called into use. It may therefore be 
hoped that the work may be found to be available for 
the purposes of both the Geological and the Zoological 
student ; since it is essentially an outline of Historical 
Palaeontology, and the student of either of the above- 
mentioned sciences must perforce possess some know- 
ledge of the last. Whilst primarily intended for stu- 
dents, it may be added that the method of treatment 
adopted has been so far untechnical as not to render i 
the work useless to the general reader who may desire 



' acquire some knowledge of a subject of such vast 
and universal interest. 

In carrying out the object which he has held berore 
thim, the Author can hardly expect, from the nature of 
I the materials with which he has had to deal, that he has 
I kept himself absolutely clear of errors, both of omission 
I and commission. The subject, however, is one to which 
[ he has devoted the labour of many years, both in 
studying the researches of others and in personal 
investigations of his own ; and he can only trust that 
such errors as may exist will be found to belong chiefly 
to the former class, and to be neither serious nor 
numerous. It need only be added that the work is 
necessarily very limited in its scope, and that the 
necessity of not assuming a thorough previous acquaint- 
ance with Natural History in the reader has inexorably 
restricted its range still further. The Author does not, 
therefore, profess to have given more than a merely 
general outline of the subject ; and those who desire 
to obtain a more minute and detailed knowledge of 
Palseontology, must have recourse to other and more 
elaborate treatises. 
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THE EARTH. 



INTRODUCTION. 



The Laws of Geological Action. 

Under the general title of " Geology" are usually included at 
least two distinct branches of inquiry, allied to one another in 
the closest manner, and yet so distinct as to be largely capable 
of separate study. Geology,* in its strict sense, is the science 
which is concerned with the investigation of the materials which 
compose the earth, the methods in which those materials have 
been arranged, and the causes and modes of origin of these 
arrangements. In this limited aspect. Geology is nothing more 
tiian the Physical Geography of the past, just as Physical Geo- 
graphy is the Geology of to-day; and though it has to call in 
Uie aid of Physics, Astronomy, Mineralogy, Chemistry, and 
other allies more remote, it is in itself a perfectly distinct and 
individual study. One has, however, only to cross the thresh- 
old of Geology to discover that the field and scope of the 
ience cannot be thus rigidly limited to purely physical pro- 
lems. The study of the physical development of the earth 
roughout past ages brings us at once in contact with the 
Iforms of animal and vegetable life which peopled its surface in 
bygone epochs, and it is found impossible adequately to com- 
• Gr- ^, the earth ; logos, a discourse. 
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prehend the former, unless we possess some knowledge of the 
latter. However great its physical advances may be, Geology 
remains impetfect till it is wedded with Paleontology,* a study 
which essentially belongs to the vast complex of the Biologi- 
cal Sciences, but at the same time has its strictly geological 
side. Dealing, as it does, wholly with the consideration of 
such living beings as do not belong exclusively to the present 
order of things, Palceontology is, in reality, a branch of Natu- 
ral History, and may be regarded as substantially the Zoology 
and Botany of the past. It is the ancient life-history of the 
earth, as revealed to us by the labours of palteontologists, 
with which we have mainly to do here ; but before entering 
upon tills, there are some general questions, affecting Geology 
and Paleontology alike, which may be very briefly discussed. 

The working geologist, dealing in the raaui with purely phy- 
sical problems, has for his object to detertnine the material 
structure of the earth, and to investigate, as far as may be, the 
long chain of causes of which that structure is the ultimate re- 
sult. No wider or more extended field of inquiry could be 
found; but philosophical geology is not content with this. At 
all the confines of his science, the transcendental geologist 
finds himself confronted with some of the most stupendous 
problems which have ever engaged the restless intellect of 
humanity. The origin and primaeval constitution of the terres- 
trial globe, the laws of geologic action through long ages of 
vicissitude and development, the origin of life, the nature and 
source of the myriad complexities of living beings, the advent 
of man, possibly even the future history of the earth, are 
amongst Che questions with which the geologist has to grapple 
in his higher capacity. 

These are problems which have occupied the attention of 
philosophers in every age of the world, and in periods long 
antecedent to the existence of a science of geology. The mere 
existence of cosmogonies in the religion of almost every nation, 
both ancient and modern, is a sufficient proof of the eager de- 
sire of the human mind to know something of the origin of the 
earth on which we tread, Every human being who has gazed 
on the vast panorama of the universe, though it may have been 
but with the eyes of a chOd, has felt the longing to solve, how- 
ever imperfectly, " the riddle of the painful earth," and has, 
consciously or unconsciously, elaborated some sort of a theory 
as to the why and wherefore of what he sees. Apart from the 
profound and perhaps inscrutable problems which lie at the 
bottotn of human existence, men have in ail ages invented 
* Gr. palaiss, ancient ; ania, beings ; lo^^}!, discourse. 
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theories to explain &c common phenomena of the material 
universe ; and most of these theories, however varied in their 
details, turn out on examination to have a common root, and 
to be based on the same elements. Modem geology has lis 
own theories on the same subject, and it will be well to glance 
for a, moment at the principles underlying the old and the new 
views. 

It has been maintained, as a metaphysical hypothesis, that 
there exists in the mind of man an inherent principle, in virtue 
~ 'which he beheves and expects that what has been, will be ; 
that the course of nature will be a continuous and unin- 
ipted one. So far, however, from any such belief existing 

a. necessary consequence of the constitution of the human 
lind, the real fact seems to be that the contrary belief has 
almost universally prevalent. In all old religions, and 

the philosophical systems of almost all ancient nations, the 
order of the universe has been regarded as distinctly unstable, 
mutable, and temporary. Abeginning and an end have always 
been assumed, and the course of terrestrial events between 
these two indefinite points has been regarded as liable to con- 
stant interruption by revolutions and catastrophes of different 
kinds, in many cases emanating from supernatural sources. 
Few of the more ancient theological creeds, and still fewer of 
ancient philosophies, attained body and shape without 

itaining, in some form or another, the belief in the existence 

periodical convulsions, and of alternating cycles of destruc- 
in and repair. 

That geology, in its early infancy, should have become im- 
bued with the spirit of this belief, is no more than might have 
been expected ; and hence arose the at one time powerful and 
generally- accepted doctrine of " Catastrophism." That the 
succession of phenomena upon the globe, whereby the earth's 
crust had assumed the configuration and composition which 
we find it to possess, had been a discontinuous and broken 
succession, was the almost inevitable conclusion of the older 
geologists. Everywhere in their study of the rocks they met 
with apparently impassable gaps, and breaclies of continuity 
that could not be bridged over. Everywhere they found them- 
selves conducted abruptly from one system of deposits to 
others totally ditferent in mineral character or in strati graphical 
position. Everywhere they discovered that well-marked and 
easily recognisable groups of animals and plants were succeeded, 
without the intermediation of any obvious lapse of time, by 
other assemblages of organic beings of a different character. 
Everywhere they found evidence that the earth's crust had 
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undergone changes of such magnitude as to render it seemingly 
irrational to suppose that they could have been produced by 
any process now in existence. If we add to the above the 
prevalent belief of the time as to the comparative brevity of 
the period which had elapsed since the birth of the globe, we 
can readily understand the general acceptance of some form of 
catastrophism amongst the earlier geologists. 

As regards its general sense and substance, the doctrine of 
catastrophism held that the history of the earth, since first it 
emerged from the primitive chaos, had been one of periods of 
repose, alternating with catastrophes and cataclysms qf a more 
or Jess violent character. The periods of tranquillity were sup- 
posed to have been long and protracted ; and during each of 
them it was thought that one of the great geological "forma- 
tions " was deposited. In each of these periods, therefore, the 
condition of the earth was supposed to be much the same as it 
is now — sediment was quietly accumulated at the bottom of the 
sea, and animals and plants flourished uninterruptedly in suc- 
cessive generations. Each period of tranquillity, however, was 
believed to have been, sooner or later, put an end to by a 
sudden and awful convulsion of nature, ushering in a brief and 
paroxysmal perio3, in which the great physical forces were 
unchained and permitted to spring into a portentous activity. 
The forces of subterranean fire, with their concomitant pheno- 
mena of earthquake and volcano, were chiefly relied upon as 
the efficient causes of these periods of spasm and revolution. 
Enormous elevations of portions of the earth's crust were thus 
believed to be produced, accompanied by corresponding and 
equally gigantic depressions of other portions. In this way 
new ranges of mountains were produced, and previously exist- 
ing ranges levelled with the ground, seas were converted into 
dryland, and continents buried beneath the ocean — catastrophe 
following catastrophe, till the earth was rendered uninhabitable^ 
and its races of animals and plants were extinguished, never to 
reappear in the same form. Finally, it was believed that 
feverish activity ultimately died out, and that the ancient peace 
once more came to reign upon the earth. As the abnormal 
throes and convulsions began to be relieved, the dry land 
sea once more resumed their relations of stability, the 
tions of life were once more established, and new races 
mals and plants sprang into existence, to last until the 
vention of another fever-fit. 

Such is the past history of the globe, as sketched for us, 
alternating scenes of fruithil peace and revolutionary destruc- 
tion, by the earlier geologists. As before said, we cannot. 
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inder at the former general acceptance of Catastrophistic 
doctrines. Even in the light of our present widely-increased 
knowledge, the series of geological monuments remains a broken 
and imperfect one ; nor can we ever hope to fill up completely 
the numerous gaps with which the geological record is defaced. 
Catastrophism was the natural method of accounting for these 
gaps, and, as we shall see, it possesses a basis of truth. At 
present, however, catastrophism may be said to be nearly ex- 
tinct, and its place is taken by the modern doctrine of " Con- 
tinuity " or " Uniformity " — a doctrine with which the name of 
Lyell must ever remain imperishably associated. 

The fundamental thesis of the doctrine of Uniformity is, 
that, in spite of all apparent violations of continuity, the se- 
quence of geological phenomena has in reality been a regular 
and uninterrupted one ; and that the vast changes which can 
be shown to have passed over the earth in former periods have 
been the result of the slow and ceaseless working of the ordi- 
nary physical forces — acting with no greater intensity than they 
do now, but acting through enormously prolonged periods. 
The essential element in the theory of Continuity is to be found 
in the allotment of indefinite time for the accomplishment of 
the known series of geological changes. It is obviously the 
case, namely, that there are two possible explanations of all 
phenomena which lie so far concealed in " the dark backward 
and abysm of time," that we can have no direct knowledge of 
the manner in which they were produced. We may, on the 
one hand, suppose them to be the result of some very powerful 
cause, acting through a short period of time. That is Catas- 
trophism. Or, we may suppose them to be caused by a much 
weaker force operating through a proportionately prolonged 
period. This is the view of the Uniformitarians. It is a ques- 
tion vX energy versus time ; and it is time which is the true ele- 
ment of the case. An earthquake may remove a mountain in 
the course of a few seconds ; but the dropping of the gentle 
rain will do the same, if we extend its operations over a millen- 
liiun. And this is true of all agencies which are now at work, 
ever have been at work, upon our planet. The Catastro- 

lists, believing that the globe is but, as it were, the birth of 
_ sterday, were driven of necessity to the conclusion that its 
history had been checkered by the intermittent action of par- 
oxysmal and almost inconceivably potent forces. The Unifor- 
mitarians, on the other hand, maintaining the " adequacy of 
existing causes," and denying that the known physical forces 
ever acted in past time with greater intensity than they do at 
present, are, equally of necessity, driven to the conclusion that 



the world is truly in its " hoary eld," and that its present state 
is really the result of the tranquil and regulated action of 
knoivn forces through unnumbered and innumerable centuries. 

The most important point for us, in the present connection, 
is the bearing of these oijposing doctrines upon the question 
as to the origin of the existing terrestrial order. On any doc- 
trine of uniformity that order has been evolved slowly, and, 
according to law, from a pre-existing order. Any doctrine of 
catastrophism, on the other hand, carries with it, by implica- 
tion, the belief that the present order of things was brought 
about suddenly and irrespective of any pre-existent order ; and 
it is important to hold clear ideas as to which of these beliefs 
is the true one. In the first place, we may postulate that the 
world had a beginning, and, equally, that the existing terrestrial 
order had a beginning. However far back we may go, geology 
does not, and cannot, reach the actual beginning of the world; 
and we are, therefore, left simply to our own speculations on 
this point. With regard, however, to the existing terrestrial 
order, a great deal can be discovered, and to do so is one of 
the principal tasks of geological science. The first steps in the 
production of that order lie buried in the profound and un- 
searchable depths of a past so prolonged as to present itself to 
our finite minds as almost an eternity. The last steps are in 
the prophetic future, and can be but dimly guessed at. Be- 
tween the remote past and the distant future, we have, however, 
a long period which is fairly open to inspection ; and in saying 
a "long" period, it is to be borne in mind that this term is 
used in its geological sense. Within this period, enormously 
long as it is when measured by human standards, we can trace 
with reasonable certainty the progressive march of events, and 
can determine the laws of geological action, by which the pre- 
sent order of things has been brought about. 

The natural belief on this subject doubtless is, that the 
world, such as we now see it, possessed its present form and 
configuration from the beginning. Nothing can be more 
natural than the belief that the present continents and oceans 
have always been where they are now; that we have always 
had the same mountains and plains; that our rivers have 
always had their present courses, and our lakes their present 
positions ; that our climate has always been the same ; and 
that our animals and plants have always been identical with 
those now familiar to us. Nothing could be more natural 
than such a belief, and nothing could be further removed from 
the actual truth On the contrary, a very slight acquaintance 
with geology shows us, in the words of Sir John Herschel, that 



THE LAWS OF GEOLOGICAL ACTION. 7 ' 

"the actual configuration of our continents and islands, the 
coast-lines of oui maps, the direction and elevation of our 
mountain-chains, the courses of our rivers, and the soundings 
of our oceans, are not things primordially arranged in the con- 
Btmction of our globe, but results of successive and complex 
actions on a former state of things ^ that, again, of similar 
sctions on another still more remote ; and so on, till the ori- 
^al and really permanent slate is pushed altogether out of 
sight and beyond the reach even of imagination ; while on the 
other hand, a similar, and, as far as we can see, interminable 
ta is opened out for the future, by which the habitability of 
r planet is secured amid the total abolition on it of the 
present theatres of terrestrial life," 
Geology, then, teaches us that the physical features which 
w distinguish the eartli's surface have been produced as the 
sllimate result of an almost endless succession of precedent 
changes. Palaeontology teaches us, though not yet in such 
'assured accents, the same lesson. Our present animals and 
plants have not been produced, in their innumerable forms, 
ve now know it, as the sudden, collective, and siraul- 
bneous birth of a renovated world. On the contrary, we have 
the dearest evidence that some of our existing animals and 
tfants made their appearance upon the earth at a much earlier 
period than others. In the corifederation of animated nature 
some races can boast of an immemorial antiquity, whilst others 
ire comparative parvtnus. We have also the clearest evidence 
that the animals and plants which now inhabit the globe have 
been preceded, over and over again, by other different assem- 
blages of animals and plants, which have flourished in succes- 
Bve periods of the earth's history, have reached their culmina- 
tion, and then have given way to a fresh series of living beings. 
I We have, finally, the clearest evidence that these successive 
Igroups of animals and plants {faunas and fiorE) are to a greater 
■or less extent directly connected with one another. Each 
BQp is, to a greater or less extent, the lineal descendant of 
« group which immediately preceded it in point of time, and 
^ more or less fully concerned with giving origin to the group 
"riiich immediately follows it. That this law of " evolution " 
IS prevailed to a great extent is quite certain ; but it does not 
a all the exigencies of the case, and it is probable that its 
lection has been supplemented by some still unknown law of a 
"lerent character, 

I We shall have to consider the question of geological " con- 
" again. In the meanwhile, it is sufficient to state that 
is doctrine is now almost universally accepted as the basis . 
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of all inquiries, both in the domain of geology and that of 
palffiontology. The advocates of continuity possess one im- 
mense advantage over those who believe in violent and revo- 
lutionary convulsions, that they call into play only agencies 
of which we have actual knowledge. We know that certain 
forces are now at work, producing certain modifications in the 
present condition of the globe; and we know that these forces 
ate capable of producing the vastest of the changes which 
geology brings under our consideration, provided we assign a 
time proportionately vast for their operation. On the other 
hand, the advocates of catastrophism, to make good their 
views, are compelled to invoke forces and actions, both de- 
structive and restorative, of which we have, and can have, no 
direct knowledge. They endow the whirlwind and the earth- 
quake, the central fire and the rain from heaven, with powers 
as mighty as ever imagined in fable, and they build up the 
fragments of a repeatedly shattered world by the intervention 
of an intermittently active creative power. 

It should not be forgotten, however, that from one point of 
view there is a truth in catastrophism which is sometimes 
overlooked by the advocates of continuity ajid uniformity. 
Catastrophism has, as its essential feature, the proposition that 
the known and existing forces of the earth at one time acted 
v^ith much greater intensity and violence than they do at pre- 
sent, and they carry down the period of this excessive action 
to the commencement of the present terrestrial order. The 
Uniform itarians, in effect, deny this proposition, at any rate as 
regards any period of the earth's history of which we have 
actual cognisance. If, hov/ever, the " nebular hypothesis " of 
the origin of the universe be well founded — as is generally ad- 
mitted — then, beyond question, the earth is a gradually cooling 
body, which has at one time been very much hotter than it is 
at present. There has been a time, therefore, in which the 
igneous forces of the earth, to which we owe the phenomena of 
earthquakes and volcanoes, must have been far more intensely 
active than we can conceive of from anything that we can see 
at the present day. By the same hypothesis, the sun is a 
cooling body, and must at one time have possessed a much 
higher temperamre than it has at present. But increased heat 
of the sun would seriously alter the existing conditions affect- 
mg the evaporation and precipitation of moisture on our earth ; 
and hence the aqueous forces may also have acted at one time 
more powerfully than they do now, The fundamental prin- 
ciple of catastrophism is, therefore, not wholly vicious ; and 
we have reason to think that there must have been periods— 



W THE LAWS OF GEOLOGICAL ACTION. Q 

Ivei; remote, it is true, and perhaps unrecorded in tbe history 
fof the earth — in which the known physical forces may have 

■ acted with an intensity much greater than direct observation 
^ would lead us to imagine. And this may be believed, alto- 

■ gether irrespective of those great secular changes by which hot 
or cold epochs are produced, and which can hardly be called 
" calastrophistic," as they are produced gradually, and are 
liable to recur at definite intervals. 

Admitting, then, that there is a truth at the bottom of the 
once current doctrines of catastrophism, still it remains certain 
that the history of the earth has been one of /aic in all past 
time, as it is now. Nor need we shrink back affrighted at the 
vastness of the conception — the vaster for its very vagueness 
— that we are thus compelled to form as to the duration of 
^logical time. As we grope our way backward through the 
dark labyrinth of the ages, epoch succeeds to epoch, and 
period to period, each looming more gigantic in its outlines 
and more shadowy in its features, as it rises, dimly revealed, 
from the mist and vapoiu' of an older and ever-older past It 
is useless to add century to century or millennium to millen- 
nium. When we pass a certain boundary-line, which, after all, 
is reached very soon, figures cease to convey to our finite 
iaculties any real notion of the periods with which we have 
to deaL The astronomer can employ material illustrations 
to give form and substance to our conceptions of celestial 
space ; but such a resource is unavailable to the geologist. 
The few thousand years of which we have historical evidence 
sink into absolute insignificance beside the unnumbered feons 
which unroll themselves one by one as we penetrate the dim 
recesses of the past, and decipher with feeble vision the pon- 
derous volumes in which the record of the earth is written. 
Vainly does the strained intellect seek to overtake an ever- 
receding commencement, and toil to gain some adequate grasp 
of an apparently endless succession, A beginning there must 
have been, though we can never hope to fix its point. Even 
speculation droops her wings in the attenuated atmosphere of 
a past so remote, and the light of imaginadon is quenched in 
the darkness of a history so ancient. In time, as in space^ the 
confines of the universe must ever remain concealed from us ; 
and of the end we know no more than of the beginning. In- 
conceivable as is to us the lapse of "geological time," it is no 
more than " a mere moment of the past, a mere infinitesimal 
portion of eternity." Well may "the human heart, that weeps 
and trembles," say, with Richter's pilgrim through celestial 
space, " I will go no farther j for the spirit of man acheth with 
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this infinity. Insufferable is the glory of God. Let me lie 
down in the grave, and hide me from the persecution of the 
Infinite, for end, I see, there is none." 



CHAPTER I. ^^ 

THE SCOPE AND MA TERIALS OF PALEONTOLOGY. 

The study of the rock-masses which constitute the crust of the 
earth, if carried out in the methodical and scientific manner of 
the geologist, at once brings us, as has been before remarked, 
in contact with the remains or traces of living beings which 
formerly dwelt upon the globe. Such remains are found, in 
greater or less abundance, in the great majority of rocks; and 
they are not only of great interest in themselves, but they have 
proved of the greatest importance as throwing light upon vari- 
ous difficult problems in geology, in natural history, in botany, 
and in philosophy. Their study constitutes the science of 
paleontology ; and though it is possible to proceed to a cer- 
tain length in geology and zoology without much palKOntolo- 
gical knowledge, it is hardly possible to attain to a satisfac- 
tory general acquaintance with either of these subjects with- 
out having mastered the leading facts of the first. Similarly, 
it is not possible to study paleontology without some ac- 
quaintance with both geology and natural history. 

PAL.EONTOLOGY, then, is the science which treats of the 
living beings, whether animal or vegetable, which have in- 
habited the earth during past periods of its history. Its object 
is to eludicate, as far as may be, the structure, mode of exist- 
ence, and habits of all such ancient forms of life ; to determine 
their position in the scale of organised beings ; to lay down 
the geographical limits within which they flourished ; and to 
fix the period of their advent and disappearance. It is the 
ancient life-history of the earth ; and were its record complete, 
it would furnish us with a detailed knowledge of the form and 
relations of all the animals and plants which have at any period 
flourished upon the land-surfaces of the globe or inhabited its 
waters ; it would enable us to determine precisely their succes- 
sion in time ; and it would place in our hands an unfailing key 
to the problems of evolution. Unfortunately, from causes 
which will be subsequently discussed, the paleontological 
record is extremely imperfect, and our knowledge is inter- 
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^apted by gaps, which not only bear a large proportion to our 
solid infonnation, but which in many cases are of such a nature 
that we can never hope to fill them up. 

Fossils. — The remains of animals or vegetables which we 
now find entombed in the sohd rock, and which constitute the 
working material of the paleontologist, are termed "fossils,"* 
or "petrifactions." In most cases, as can be readily under- 
stood, fossils are the actual hard parts of animals and plants 
which were in existence when the rock in which they are now 
found was being deposited. Most fossils, therefore, are of the 
nature of the shells of shell-fish, the skeletons of coral-zoophytes, 
the bones of vertebrate animals, or the wood, bark, or leaves 
of plants. All such bodies are more or less of a hard consist- 
ence to begin with, and are capable of resisting decay for a 
longer or shorter time- — hence the frequency with which they 
occur in the fossil condition. Strictly speaking, however, by 
the tenn " fossil " must be understood " any body, or the traces 
of the existence of any body, whether animal or vegetable, which 
has been buried in the earth by natural causes" (Lyell). 
We shall find, in fact, that many of the objects which we have 
to study as " fossils " have never themselves actually formed 
parts of any animal or vegetable, though they are due to the 
former existence of such organisms, and indicate what was the 
nature of these. Thus the footprints left by birds, or reptiles, 
or quadrupeds upon sand or mud, are just as much proofs of 
the former existence of these animals as would be bones, 
feathers, or scales, though in themselves they are inorganic. 
Under the head of fossils, therefore, come the footprints of 
air-breathing vertebrate animals ; the tracks, trails, and bur- 
rows of sea-worms, crustaceans, or molluscs'; the impressions 
left on the sand by stranded jelly-fishes ; the burrows in stone 
or wood of certain shell-fish; the "moulds" or "casts" of 
shells, corals, and other organic remains; and various other 
bodies of a more or less similar nature. 

FossiLiSATioN.- — The term " fossil isation " is applied to all 
those processes through which the remains of organised beings 
may pass in being converted into fossils. These processes are 
numerous and varied ; but there are three principal modes of 
fossilisarion which alone need be considered here. In the first 
instance, the fossil is to all intents and purposes an actual 
portion of the original oi^anised heing^such as a bone, a shell, 
or a piece of wood. In some rare instances, as in the case of 
(he body of the Mammoth discovered embedded in ice at the 

Knouth of the Lena in Siberia, the fossil may be preserved 

■^_. - • Lal./iijj;ij| dug up. 
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almost precisely in its original condition, and even with its 
soft parts uninjured. More commonly, certain changes have 
taken place in the fossil, the principal being the more or less 
total removal of the organic matter originally present. Thus 
bones become light and porous by the removal of their gela- 
tine, so as to cleave to the tongue on being apphed to that 
organ; whilst shells become Iragile, and lose their primitive 
colours. In other cases, though practically the real body it 
represents, all the cavities of the fossil, down to its minutest 
recesses, may have become infiltrated with mineral matter. It 
need hardly be added, that it is in the more modem rocks that 
we find the fossils, as a rule, least changed from their former 
condition; but the original structure is often more or less com- 
pletely retained in some of the fossils from even the most 
ancient formations. 

In the second place, we very frequently meet with fossils in 
the state of " casts " or moulds of the original organic body. 
What occu(s in this case will be readily understood if we ima- 
gine any common bivalve shell, as an Oyster, or Mussel, or 
Cockle, embedded in clay or mud. If the clay were sufficiently 
soft and fluid, the first thing would be that it would gain access 
to the interior of the shell, and would completely fill up the 
space between the valves. The pressure, also, of the surround- 
ing matter would insure that the clay would everywhere ad- 
here closely to the exterior of the shell. If now we suppose 
the clay to be in any way hardened so as to be converted into 
stone, and if we were to break up the stone, we should obvi- 
ously have the following state of parts. The clay which filled 
the shell would form an accurate cast of the interior of the 
shell, and the clay outside would give us an exact impression 
or cast of the exterior oS the shell (fig, i). We should have, 
— ^ then, two casts, an interior and 

^fl^lr^ an exterior, and the two would 
^^^^|tt\ be very different to one another, 
^^B V^ since the mside of a shell is 
^^Bi. ^ft very unlike the outside. In 
I^BI ^H the case, in fact, of many uni- 
^^Httfln valve shells, the interior cast or 
^^^^^Rl' " mould " is so unlike the ex- 
^^^^ terior cast, or unlike the shell 
, itself, that it may be difficult to 
■ determine the true origin of the 
former. 

It only remains to add that there is sometimes a further 
complication. If the rock be very porous and permeable by 




If h^n. ^ 
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Ntter, it may happen that the original shell is entirely dissolved 
wsy, leaving the interior cast loose, like the kernel of a nut, 
Sprithin the case formed by the exterior cast Or it may happen 
subsequent to the attainment of this stale of things, the 
pace thus left vacant between the interior and exterior cast — 
Ae space, that is, formerly occupied by the shell itself — may 
te filled up by some foreign mineral deposited there by the 
^filtration of water. In this last case the splitting open of tlK 
' tock would reveal an interior cast, an exterior cast, and finally 
a body which would have the exact form of the original shell, but 
which would be really a niucli later formation, and which would 
not exhibit under the microscope the minute structure of shell. 
~ In the third class of cases we have fossils which present 
li the greatest accuracy the external form, and even some- 
knes the internal minute stmcture, of the original organic 
)dy,but which, nevertheless, are not themselves truly organic, 
t have been formed by a " replacement " of the particles of 
e pnmitive organism by some mmeral substance The most 
^tnt example of this is afforded by fossil wood which has 
■ been silicified or converted mto flint {s:/rv) In such cases 
ne ha\e fossil wood which presents the rings of growth and 
till ous structure of recent wood and which under the micro- 
scope exhibits the minutest vessels which characterise ligneous 
tissue together with the even more minute markings of the 
vessels (fig ) The whole however instead of being com 




posed of the original carbonaceous matter of the wood, is 
converted ioto flint. The only explanation that can be g 
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of this by no means rare phenomenon, is that the wood must 
have undergone a slow process of decay in water charged with 
silica or flint in solution. As each successive particle of wood 
was removed by decay, its place was taken by a particle of 
flint deposited from the surrounding water, till ultimately the 
entire wood was silicified. The process, therefore, resembles 
what would take place if we were to pull down a house built 
of brick by successive bricks, replacing each brick as removed 
by a piece of stone of precisely the same size and form. The 
result of this would be that the house would retain its primi- 
tive size, shape, and outline, but it would finally have been 
converted from a house of brick into a house of stone. Many 
other fossils besides wood — such as shells, corals, sponges, 
&c. — are often found silicified; and this may be regarded as 
the commonest form of fossilisatiou by replacement. In other 
cases, however, though the principle of the process is the same, 
the replacing substance may be iron pyrites, oxide of iron, 
sulphur, malachite, magnesite, talc, &c. ; but it is rarely that 
the replacement with these minerals is so perfect as to preserve i 
the more delicate details of internal structure. 



CHAPTER II. 

THE FOSSILIFEROUS ROCKS. 

Fossils are found in rocks, though not universally Ot-M 
miscuously ; and it is therefore necessary that the palEC 
legist should possess some acquaintance with, at any rate, t 
■ rocks which yield organic remains, and which are therefore * 
said to be "/ossiiiferous." In geological language, all the 
materials which enter into the composition of the solid crust 
of the earth, be their texture what it may — from the most im- 
palpable mud to the hardest granite— -are termed "rocks;" 
and for our present purpose we may divide these into two great 
groups. In the first division are the Igne&us Rocks — sudi as 
the lavas and ashes of volcanoes— which are formed within the 
body of the earth itself, and which owe their structure and 
origin to the action of heat. The Igneous Rocks are formed 
primarily below the surface of the earth, which they only reach 
as the result of volcanic action; they are generally destitute of 
distinct " stratification," or arrangement in successive layers; 
and they do not contain fossils, except in the comparativ*" 



parativ^ra 
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fzBje instances where volcanic ashes have enveloped animals 
or plants which were living in the sea or on the land in the 
immediate vicinity of the volcanic focus. The second great 
division of rocks is that of the FossUiferous, Aqueous, or Sedi- 
mmtary Rocks. These are formed at the surface of the earth, 
and, as implied by one of their names, are invariably deposited 
in water. They are produced by vital or chemical action, or 
n are formed from the " sediment " produced by the disintegra- 
[<lbn and reconstruction of previously existing rocks, without 
levious solution ; they mostly contain fossils ; and they are 
iged in distinct layers or "strata. The so-called "aerial" 
s which, like beds of blown sand, have been formed by 
e action of the atmosphere, may also contain fossils ; but 
ey are not of such importance as to require special notice 

For all practical purposes, we may consider that the Aque- 
s K.ocks are the natural cemetery of the animals and plants 
bygone ages ; and it is therefore essential that the palason- 
tlogical student should be acquainted with some of the prin- 
jpal facts as to their physical characters, their minute structure 
id mode of origin, their chief varieties, and their historical 

The Sedimentary or Fossiliferous Rocks form the greater 
portion of that part of the earth's crust which is open to our 
ttamination, and are distinguished by the fact that they are 
pilarly " stratified" or arranged in distinct and definite layers 
"strata." These layers may consist of a single material, 
in a block of sandstone, or they may consist of different 
naterials. When examined on a large scale, they are always 
imnd to consist of alternations of layers of different mineral 
mposition. We may examine any given area, and find in it 
lotlung but one kind of rock — sandstone, perhaps, or lime- 
tone. In all cases, however, if we extend our examination 
efficiently far, we shall ultimately come upon different rocks ; 
i a general rule, the thickness of any particular set of 
i comparatively small, so that different kinds of rock 
mate with one another in comparatively small spaces. 
As regards the origin of the Sedimentary Kocks, they are 
r the most part " derivative" rocks, being derived from the 
ar and tear of pre-existent rocks. Sometimes, however, they 
e their origin to chemical or vital action, when they would 
ore properly be spoken of simply as Aqueous Rocks. As to 
eir mode of deposition, we are enabled to infer that the 
Bterials which compose them have formeriy been spread out 
.the action of water, from what we see going on every day 
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at the mouths of our great rivers, and on a smaller scale wlier- 
ever there is running water. Every stream, where it runs into 




a lake or into the sea, carries with it a burden of mud, sai 
and rounded pebbles, derived from the waste of the 
which form its bed and banks. When these materials 
to be impelled by the force of the moving water, thej' sink ufi 
the bottom, the heaviest pebbles, of course, sinking first, the 
smaller pebbles and sand next, and the finest mud last. Ulti- 
raately, therefore, as might have been inferred upon theoretical 
grounds, and as is proved by practical experience, every lake 
becomes a receptacle for a series of stratified rocks produced 
by the streams' flowing into it. These deposits may vary in 
different parts of the lake, according as one stream brought 
down one kind of material and another stream contributed 
another material; but in all cases tlie materials will bear ample 
evidence that they were produced, sorted, and deposited by 
running water. The finer beds of clay or sand will all be 
arranged in thicker or thinner layers or laminae ; and if there 
are any beds of pebbles these will all be rounded or smooth, 
just like the water-worn pebbles of any brook-course. In all 
probability, also, we should find in some of the beds the »•] 
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mains of fresh-water shells or plants or other organisms which 
inhibited the lake at the time these beds were being de- 
posited. 

In the same way large rivers — such as the Ganges or 
Mississippi — deposit all the materials which they bring down 
at their mouths, forming in this way their "deltas." When- 
ever such a delta is cut through, either by man or by some 
channel of the river altering its course, we find that it is com- 

t posed of a succession of horizontal layers or strata of sand or 
mud, varying in mineral composirion, in structure, or in grain, 
'according to the nature of the materials brought down by the 
'Brer at different periods. Such deltas, also, wi]l contain the 
Wnains of animals which inhabit the river, with fragments of 
iflie plants which grew on its banks, or bones of the animals 
Midi lived in its basin. 
Nor is this action confined, of course, to large rivers only, 
iaough naturally most conspicuous in the greatest bodies of 
fater. On the contrary, all streams, of whatever size, are 
engaged in the work of wearing down the dry land, and of 
transporting the materials thus derived from higher to lower 
levels, never resting in this work till they reach the sea. 




[ lAsdy, the sea itself — irrespective of the materials delivered 
pito it by rivers — is constantly preparing fresh stratified de- 

B 
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posits by its own action. Upon every coast-line the sea is 
constantly eating back into the land and reducing its com- 
ponent rocks to form the shingle and sand which we see upon 
every shore. The materials thus produced are not, however, 
lost, but are ultimately deposited elsewhere in the form of new 
stratified accumulations, in which are buried the remains of 
animals inhabiting the sea at the time. 

Whenever, then, we find anywhere in the interior of the land 
any series of beds having these characters — composed, that is, 
of distinct layers, the particles of which, both large and small, 
show distinct traces of the wearing action of water — whenever 
and wherever we find such rocks, we are justified in assuming 
that they have been deposited by water in the manner above 
mentioned. Either they were laid down in some former lake 
by the combined action of the streams which flowed into it ; 
or they were deposited at the mouth of some ancient river, 
forming its delta ; or they were laid down at the bottom of the 
ocean. In the first two cases, any fossils which the beds 
might contain would be the remains of fresh-water or terres- 
trial organisms. In the last case, the majority, at any rate, of 
the fossils would be the remains of marine animals. 

The term " formation " is employed by geologists to express 
" any group of rocks which have some character in commoDp 
whether of origin, age, or composition " (Lyell) ; so that we 
may speak of stratified and unstratified formations, aqueous 
or igneous formations, fresh-water or marine formations, and 
so on. 

Chief Divisions of the Aqueous Hocks. 

The Aqueous Rocks may be divided into two great sections, 
the Mechanically-formed and the Chemically-formed, inclutt 
ing under the last head all rocks which owe their origin to 
vital action, as well as those produced by ordinary chemical 
agencies. 

A. Mechanically-formed Rocks. — These are all those 
Aqueous Rocks of which we can obtain proofs that theit 
particles have been mechanically transported to their present 
situation. Thus, if we examine a piece of conglomerate or 
puddingstone, we find it to be composed of a number of 
rounded pebbles embedded in an enveloping matrix or paste, 
which is usually of a sandy nature, but may be composed ot 
carbonate of lime (when the rock is said to be a " calcareous 
conglomerate "), The pebbles in all conglomerates are worn 

' rounded by the action of water in motion, and thus show 
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•Hist they have been subjected to much mechanical attrition, 
whilst they have been mechanically transported for a greater 
or less distance from the rock of which they originally formed 
part. The analogue of the old conglomerates at the present 
day is to be found in the great beds of shingle and gravel 
which are formed by the action of the sea on every coast-line, 
and which are composed of water-worn and well-rounded 
pebbles of different sizes. A breccia is a mechanically-formed 
rock, very similar to a conglomerate, and consisting of larger 
or smaller fragments of rock embedded in a common matrix. 
The fragments, however, are in this case all more or less 
angular, and are not worn or rounded. The fragments in 
breccias may be of large size, or they may be comparatively 
small (fig. 6); and the matrix may be composed of sand (aren- 
aceous) or of carbonate of ^-^^jtv-v 
lime (calcareous). In the case .^i«a^V^v>^ 
8fanordinaiysandstone,agnin, ' " 
we have a rock which may tn 
regarded as simply a very fine- 
grained conglomerate or brec- 
cia, being composed of small 
grains of sand (silica), some- 
timesrounded,sometimesmore 
or less angular, cemented to- 
gether by some such substance 
as oxide of iron, silicate of 
iron, or carbonate of lime. A 
sandstone, therefore, like a Fig. 
conglomerate, is a mechani- ™*^^ 

cally-formed rock, its corapo- ThB,f.„„ _.. .. . . — — 

nent grains being equally the q™^ voi^^fc a!h«°™d ital^t*^" 
lesult of mechanical attrition ^^^i"," """^ "' eo^"'!™ iini"ione. 
and having equally been trans- 
ported from a distance ; and the same is true of the ordinary 
sand of the sea-shore, which is nothing more than an uncon- 
solidated sandstone. Other so-called sands and sandstones, 
though equally mechanical in their origin, are truly calcareous 
m their nature, and are more or less entirely composed of 
carbonate of lime. Of this kind are the shell-sand so com- 
mon on our coasts, and the coral-sand which is so largely 
formed in the neighbourhood of coral-reefs. In these cases 
the rock is composed of fragments of the skeletons of shell- 
fish, and numerous other marine animals, together, in many 
instances, with the remains of certain sea-weeds (Coralliftes, 
Nullipgres, &c) which are endowed with the power of seeret- 
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ing carbonate of lime from the aea-water. Lastly, in cer- 
tain rocks still finer in their texture than sandstones, such 
as the various mud-rocks and shales, we can still recognise a 
mechanical source and origin. If slices of any of these rocks 
sufficiently thin to be transparent are examined under the 
microscope, it will be found that they are composed of minute 
grains of different sizes, which are all more or less worn and 
rounded, and which clearly show, therefore, that they have 
been subjected to mechanical attrition. 

All the above-mentioned rocks, then, are mechanically-formed 
rocks ; and they are often spoken of as " Derivative Rocks," 
in consequence of the fact that their particles can be shown to 
have been mechanically derived from other pre-existent rocks. 
It follows from this that every bed of any mechanically-formed 
rock is the measure and equivalent of a corresponding amount 
of destruction of some older rock. It is not necessary to 
enter here into a minute account of the subdivisions of these 
rocks, but it may be mentioned that they may be divided into 
two principal groups, according to their chemical composition. 
In the one group we have the so-called Arenaceous (Lat. arena, 
sand) or Siliceous Rocks, which are essentially composed of 
larger or smaller grains of flint or silica. In this group are 
comprised ordinary sand, the varieties of sandstone and grit, 
and most conglomerates and breccias. We shall, however, after- 
wards see that some siliceous rocks are of organic origin. In 
the second group are the so-called Argillaceous (Lat. argilla, 
clay) Rocks, which contain a larger or smaller amount of day or 
hydrated silicate of alumina in their composirion. Under this 
head come clays, shales, marls, marl-slate, clay-slates, and 
most flags and flagstones. 

B. Chemically-formed Rocks. — In this section are com- 
prised all those Aqueous or Sedimentary Rocks which have 
been formed by chemical agencies. As many of these chemi- 
cal agencies, however, are exerted through the medium of 
living beings, whether animals or plants, we get into this 
section a number of what may be called " organically-formed 
rocks." These are of the greatest possible importance to the 
palfeontologist, as being to a greater or less extent composed 
of the actual remains of animals or vegetables, and it will 
therefore be necessary to consider their character and struc- 
ture in some detail. 

By far the most important of the chemically-formed rocks 
are the so-called Calcareous Socks (Lat. calx, lime), com- 
prising all those which contain a large proportion of carbonate 
of lime, or are wholly composed of this substance. Carbon: 
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f of lime is soluble in water holding a certain amount of car- 
"bonic acid gas in solution ; and it is, therefore, found in larger 
or smaller quantity dissolved in all natural waters, both fresh 
and salt, since these waters are always to some extent charged 
mth the above-mentioned solvent gas. A great number of 
aquatic animals, however, together with some aquatic plants, 
are endowed with the power of separating the lime thus held 
in solution in the water, and of reducing it again to its solid 
condition. In this way shell-fish, crustaceans, sea-urchins, 
corals, and an immense number of other animals, are enabled 
to construct their skeletons ; whilst some plants form hard 
structures within their tissues in a preciselj' similar manner. 
We do meet with some calcareous deposits, such as the 
"stalactites" and "stalagmites" of caves, the "calcareous 
tufa" and "travertine" of some hot springs, and the spongy 
calcareous deposits of so-called "petrifying springs," which 
are purely chemical in their origin, and owe nothing to the 
operation of living beings. Such deposits are formed simply 
by the precipitation of carbonate of lime from water, in con- 
sequence of the evaporation from the water of the carbonic 
acid gas which formerly held the lime in solution ; but, though 
sometimes forming masses of considerable thickness and of 
geological importance, they do not concern us here. Almost 
all the hmestones which occur in the series of the stratified 
rocks are, primarily at any rate, of organU origin, and have 
been, directly or indirectly, produced by the action of certain 
lime-making animals or plants, or both combined. The pre- 
sumption as to all the calcareous rocks, which cannot be 
dearly shown to have been otherwise produced, is that they 
are thus organically formed ; and in many cases this presump- 
tion can be readily reduced to a certain^. There are many 
varieties of the calcareous rocks, but the following are those 
which are of the greatest importance : — 

Chalk is a calcareous rock of a generally soft and pulver- 
ulent texture, and with an earthy fracture. It varies in its 
purity, being sometimes almost wholly composed of carbonate 
of lime, and at other times more or less intermixed with foreign 
matter. Though usually soft and readily reducible to powder, 
chaik is occasionally, as in the north of Ireland, tolerably hard 
and compact; but it never assumes the crystalline aspect 
and stony density of limestone, except it be in immediate 
contact with some mass of igneous rock. By means of the 
microscope, the true nature and mode of formation of chalk 
can be determined with the greatest ease. In the case of the 
harder varieties, the examination can be conducted by means 
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of slices ground dOwn to a thinness sufficient to render them 
transparent ; but in the softer kinds the rock must be disinte- 
grated under water, and the debris examined microscopically, 
When investigated by either of these methods, chalk is found 
to be a genuine organic rock, being composed of the shells or 
hard parts of innumerable marine animals of different kinds, 
some entire, some fragmentary, cemented together by a matrix 
of very finely granular carbonate of lime. Foremost amongst 
the animal remains which so lai^ely compose chalk are the 
shells of the minute creatures which wiU be subsequently 
spoken of under the name of Foraminifera (fig. 7), and which, 
in spite of their microscopic 
dimensions, play a more im- 
portant part in the process of 
lime-making than perhaps any 
other of the larger inhabitants 
of the ocean. 

As chalk is found in beds 
of hundreds of feet in thick- 
ness, and of great purity, there 
was 3ong felt much difficulty 
in satisfactorily accounting for 
its mode of foimatioa and Ori- 
gin. By the researches of 
Carpenter, Wyville Thomson, 
Huxley, Wallich, and others, 
it has, however, been shown 
that there is now forming, in 
the profound depths of our 
great oceans, a deposit which 
is in all essential respects identical with chalk, and which is 
generally known as the " Atlantic ooze," from its having been 
first discovered in that sea. This ooze is found at great 
depths (5000 to ov«r 15,000 feet) in both the Atlantic and 
Pacific, covering enormously large areas of the sea-bottom, 
and it presents itself as a whitish-brown, sticky, impalpable mud, 
very like greyish chalk when dried. Chemical examination 
shows that the ooze is composed almost wholly of carbonate of 
lime, and microscopical esamination proves it to be of organic 
origin, and to be made up of the remains of living beings. 
The principal forms of these belong to the Foraminifera, and 
the commonest of these are the irregularly-chambered shells of 
Globigeritm, absolutely indislinguishablo from the Globigerina 
which are so largely present in the chalk (fig. 8). Along with 
these occur fragments of the skeletons of other larger creature^. 
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Wwid a certain proportion of the flinty cases of minute animal 
timd vegetable organisms {Polycyslina and Diatoms). Though 
■.many of the minute animals, 
the hard parts of which form 
ihe ooze, undoubtedly live at 
or near the surface of the sea, 
others, probably, really live 
near the bottom ; and the ooze 
itself forms a congenial home 
for numerous sponges, sea- 
lilies, and other marine ani- 
mals which flourish at great 
depths in the sea There is 
thus established an intimate 
and most interesting parallel- 
ism between the chalk and 
(he ooze of modem oceans. 
Both are formed essentially in 
the same way, and the latter 
only requires consolidation to become actually converted into 
chalk. Both are fundamentally organic deposits, apparently 
requiring a great depth of water for their accumulation, and 
mainly composed of the remains of Feraminifera, together 
mih the entire or broken skeletons of other marine animals of 
greater dimensions. It is to be remembered, however, that the 
ooze, though strictly representative of the chalk, cannot be 
Bud in any proper sense to be actually identical •v'x'Cn the for- 
mation so called by geologists. A great lapse of time separates 
the two, and though composed of the remains of representative 
classes or groups of animals, it is only in the case of the lowly- 
organised Globigerin^, and of some other organisms of little 
hi^er grade, that we find absolutely the same kinds or species 
of animals in both. 

Zimeslone, like chalk, is composed of carbonate of lime, 
sometimes almost pure, but more commonly with a greater or 
less intermixture of some foreign material, such as alumina or 
alica. The varieties of limestone are almost innumerable, 
but the great majority can be clearly proved to agree with 
chalk in being essentially of organic origin, and in being more 
or less largely composed of the remains of hving beings. In 
many instances the organic remains which compose limestone 
are so large as to be readily visible to the naked eye, and the 
rock is at once seen to be nothing more than an agglomera- 
tion of the skeletons, generally fragmentary, of certain marine 
animals, cemented together by a matrix of carbonate of lime. 
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This is the case, for example, with the so-called " Crinoidal 
Limestones " and " Encrinital Marbles " with which the geolo- 
gist is so familiar, especially as occurring in great beds ataongst 
the older formations of the earth's crust. These are seen, on 
weathered or broken surfaces, or still better in polished slabs 
(fig. 9), to be composed more or less exclusively of the broken 




stems and detached plates of sea-lilies {Crinoids). Similarly, 
other limestones are composed almost entirely of the skeletons 
of corals ; and such old coralline limestones can readily be 
paralleled by formations which we can find in actual course of | 
production at the present day. We only need to transport | 
ourselves to the islands of the Pacific, to the West Indies, or | 
to the Indian Ocean, to find great masses of lime formed simi- 
larly by living corals, and well known to every one under the 
name of "coral-reefs," Such reefs are often of vast extent, 
both superficially and in vertical thickness, and they fully equal | 
in this respect any of the coralline limestones of bygone ages. , 
Again, we find other limestones — such as the celebrated ' 
"Nummulitic Limestone" (fig. 10), which sometimes attains a j 
thickness of some thousands of feet — which are almost entirely 
made up of the shells of Foraminifera. In the case of the j 
" Nummulitic Limestone," just mentioned, these shells are of | 
large size, varying from the size of a split pea up to that of a 
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florin. There are, however, as we shall see, many other lime- 
stones, which are likewise largely made up of Foramirtifira, 




but in which the shells are very much more minute, and would 
hardly be seen at all without the microscope. 

We may, in fact, consider that the great agents in the pro- 
duction of limestones in past ages have been animals belonging 
to the Crinoids, the Corals, and the Foramintfera. At the pre- 
sent day, the Crinoids have been nearly extinguished, and the 
1^ few known survivors seem to have retired to great depths in 
e ocean ; bet the two latter still actively carry on the work 
f lime-making, the former being very largely helped in their 
f Operations by certain lime- producing marine plants {Nullipores 
and Corallines). We have to remember, however, that though 
the limestones, both ancient and modem, that we have just 
qwfcen of, are truly organic, they are not necessarily formed 
out of the remains of animals which actually lived on the 
precise spot where we now find the limestone itself. We may 
find a crinoidal limestone, which we can show to have been 
actually formed by the successive growth of generations of 
I sea-lilies in place; but we shall find many others in which the 
s made up of innumerable fragments of the skeletons of 
I these creatures, which have been clearly worn and rubbed by 
:-waves, and which have been mechanically transported 
to their present site. In the same way, a limestone may be 
, shown to have been an actual coral-reef, by the fact that we 
find in it great masses of coral, growing in their natural posi- 



26 PRINCIPLES OF PALAEONTOLOGY. 

lion, and exhibiting plain proofs that they were simply quietly 
buried by the calcareous sediment as they grew; but other 
Imaestones may contain only numerous rolled and water-worn 
fragments of corals. This is precisely paralleled by what we 
can observe in our existing coral-reefs. Parts of the modem 
coral-islands and coral-reefs are really made up of corals, dead 
or alive, which actually grew on the spot where we now find 
them ; but other parts are composed of a limestone-rock 
("coral-rock"), or of a loose sand {"coral-sand"), which is 
organic in the sense that it is composed of lime formed by 
living beings, but which, in truth, is composed of fragments 
of the skeletons of these living beings, mechanically trans- 
ported and heaped together by the sea. To take another 
example nearer home, we may find great accumulations of 
calcareous matter formed in piaee, by the growth of shell-fish, 
such as oysters or mussels ; but we can also find equally great 
accumulations on many of our shores in the form of " shell- 
sand," which is equally composed of the shells of molluscs, but 
which is formed by the trituration of these shells by the 
mechanical power of the sea-waves. We thus see that though 
all these limestones are priraarily organic, they not uncom- 
monly become "mechanically-formed" rocks in a secondary 
sense, the materials of which they are composed being formed 
by living beings, but having been mechanically transported to 
the place where we now find them. 

Many limestones, as we have seen, are composed of large 
and conspicuous organic remains, such as strike the eye at 
once. Many others, however, which at first sight appear com- 
pact, more or less crystalline, and nearly devoid of traces oF 
life, are found, when properly examined, to be also composed 
of the remains of various organisms. All the commoner lime- 
stones, in fact, from the Lower Silurian period onwards, can 
be easily proved to be thus organic rocks, if we investigate 
weathered or polished surfaces with a lens, or, still better, if 
we cut thin slices of the rock and grind these down till they 
are transparent. When thus examined, the rock is usually 
found to be composed of innumerable entire or fr^mentaiy 
fossils, cemented together by a granular or crystalline matrix 
of carbonate of lime (figs, ir and 12). When the matrix is 
granular, the rock is precisely similar to chalk, except that it 
is harder and less earthy in texture, whilst the fossils are only 
occasionally referable to the Faraminifera. In other cases, 
the matrix is more or less crystalline, and when this crystallisa- 
tion has been carried to a great extent, the original organic 
natiure of the rock may be greatly or completely obscured 
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sure, all traces of organic remains become annihdated, and the 
rock becomes completely crystalline throughout. This, for 
oample, is the case with the ordinarj' white "statuary marble," 
slices of which exhibit under the microscope nothing but an 
^legate of beautifully transparent crystals of carbonate of 
rane, without the smallest traces of fossils. There are also 
other cases, where the limestone is not necessarily highly 
crystalline, and where no metamorphic action in the strict 
«nse lias taken place, in which, nevertheless, the microscope 
fails to reveal any evidence that the rock is organic Such 
caies are somewhat obscure, and doubtless depend on differ- 
ent causes in different instances ; but they do not affect the 
important generalisation that limestones are fundamentally the 
product of the operation of living beings. This fact remains 
certain ; and when we consider the vast superficial extent 
occupied by calcareous deposits, and the enormous collective 
thickness of these, the mind cannot fail to be impressed with 
the immensity of the period demanded for the formation of 
these by the agency of such humble and often microscopic 
aeatures as Corals, Sea-lilies, Foraminifers, and Shell-fish. 

Amongst the numerous varieties of limestone, a few are of 
Mch interest as to deserve a brief notice. Magnesian iimesltme- 
or dolomite, differs from ordinary limestone in containing a cer- 
tain proportion of carbonate of magnesia along with the carbon, 
ate of lime. The typical dolomites contain a large proportion of 
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caibonate of m^nesia, and are highly crystalline. The ordi- 
nary magnesian limestones (such as those of Durham in the 
Permian series, and the Guelph Limestones of North America 
in the Silurian series) are generally of a yellowish, buff, or 
brown colour, with a crystalline or pearly aspect, effervescing 
with acid much less freely than ordinary limestone, exhibiting 
numerous cavities from which fossils have been dissolved out, 
and often assuming the most varied and singular forms in con- 
sequence of what is called " concretionary action." Examina- 
tion with the microscope shows that these limestones are 
composed of an aggregate of minute but perfectly distinct 
crystals, but that minute organisms of different kinds, or 
fragments of larger fossils, are often present as well. Other 
magnesian limestones, again, exhibit no striking external pecu- 
liarities by which tJie presence of magnesia would be readily 
recognised, and though the base of the rock is crystalline, they 
are replete with the remains of organised beings. Thus many 
of the magnesian limestones of the Carboniferous series of the 
North of England are very like ordinary limestone to look at, 
though effervescing less freely with acids, and the microscope 
proves them to be charged with the remains of Foraminifetv 
and other minute organisms. 

Marbles are of various kinds, all limestones which are suffi- 
ciently hard and compact to take a high polish going by this 
name. Statuary marble, and most of the celebrated foreign 
marbles, are " metamorphic " rocks, of a highly crystalline 
nature, and having all traces of their primitive organic struc- 
ture obliterated. Many other marbles, however, differ from 
ordinary limestone simply in the matter of density. Thus, 
many marbles (such as Derbyshire marble) are simply "cri- 
noidal limestones" (fig. 9); whilst various other British 
marbles exhibit innumerable organic remains under the mi- 
croscope. Black marbles owe their colour to the presence of 
very minute particles of carbonaceous matter, in some cases 
at any rate; and they may either be metamorphic, or they 
may be charged with minute fossils such as Foraminifera (e.g.t 
the black limestones of Ireland, and the black marble of Dent, 
in Yorkshire). 

" Oolitic" limestones, or "oolites" as they are often called, 
are of interest both to the palEontologist and geologist The 
peculiar structure to which they owe their name is that the 
rock is more or less entirely composed of spheroidal or oval 
grains, which vary in size from the head of a small pin or less 
up to the size of a pea, and which may be in almost immediate 
contact with one another, or may be cemented together by 
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more or less abundant calcareous matrix. When tlie grains 
are pretty nearly spherical and are in tolerably close contact 
the rock looks very like the roe of a fish, and the name of 
" oolite " or " egg-stone " is in allusion to this. When the 
grains are of the size of peas or upwards, the rock is often 
called a " pisolite " (Lat pisiim, a pea). Limestones having 
this peculiar structure are especially abundant in the Jurassic 
fonnation, which is often called the " Oolitic series " for this 
reason; but essentially similar hraestones occur not uncom- 
monly in the Silurian, Devonian, and Carboniferous forma- 
tions, and, indeed, in almost all rock-groups in which limestones 
are laigely developed. Whatever may be the age of the for- 
mation in which they occur, and whatever may be the size of 
their component " eggs," the structure of oolitic limestones is 
fundamentally the same. AU the ordinary oolitic limestones, 
namely, consist of little spherical or ovoid " concretions," as ' 
they are termed cemented together by a larger or smaller 
carb 
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Stones (fig. 14) show numerous generally angular or oval grains 

of silica or flint, each of which is commonly surrounded by a 

thin coating of carbonate of lime, or sometimes by several such 

coats, the whole being cemented together along with the shells 
_ xi Foraminifera and other minute fossils by a matrix of ciystal- 
Hine calcile. As compared with typical oolites, the concretions 

a these limestones are usually much more irregular in shape, 
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often lengthened out and almost cylindrical, at other times 
angular, the central nucleus bemg of large size, and the sur 
rounding envelope of lime be- 
ing very thin, and often exhib- 
■^'/y ^^^SSS^t^ "'"^ "" concentnc structure. 

t-r^C/A ^^^riX ^^ ^°'''' theseand the ordinary 
^^^i^S^^IVi t\ oolites, the structure is funda- 
mentally the same Both have 
been formed in a sea, probably 
of no great depth, the waters 
of which were charged with 
carbonate of lime in solution, 
whilst the bottom was formed 
of sand intermixed with mmute 
shells and frigments of the 
skeletons of larger marine anir 
mals The excess of brae in 
the sea water was precipitated 
round the sand grains, or round 
the smaller shells, as so many 
nuclei, and this precipitation must often have taken place time 
after time, so as to give rise to the concentric structure so char- 
acteristic of oolitic concretions. Finally, the oolitic grains thus 
produced were cemented together by a further precipitation of 
crystalline carbonate of lime from the waters of the ocean, 

Fhosphaie of Liine\% another lime-salt, which is of interest 
to the paJEeontologist It does not occur largely in the strati- 
fied series, but it is found in considerable beds * in the 
Laurentian formation, and less abundantly in some later rock- 
groups, whilst it occurs abundantly in the form of nodules in 
parts of the Cretaceous (Upper Greensand) and Tertiary 
deposits. Phosphate of lime forms the larger proportion of 
the earthy matters of the bones of Vertebrate animals, and also 
occurs in less amount in the skeletons of certain of the Inver- 
tebrates it-g., Crustacea). It is, indeed, perhaps more dis- 
tinctively than carbonate of lime, an organic compound ; and 
thougli the formation of many known deposits of phosphate of 

* Apart from the occurrence of phosphate of lime in actual beds in the 
EtratiHed rockji. as in the Laurentian and Silurian series, this saU maj also 
occur disseminated through the rock, when it can only be detected by 
chemicut unalysis. It is interesting to note that Dr Hicks has recently 
proved the occurrence of phosphate of lime in this disseminated form in 
rocks as old as the Cambrian, and that in quantity quite equal to what i) 
generally found to be present in the later fossiliferous rocks. This afTordl 
a chemical proof that animal life floiuisbed abundactl; ia the Cambrian 
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lljine cannot be positively shown to be connected with the 
previous operation of living beings, there is room for doubt 
whether this salt is not in reality always primarily a product 
of vital action. The phosphatic nodules of the Upper Green- 
sand are erroneously called " coprolites," from the belief 
originally entertained that they were the droppings or fossilised 
excrements of extinct animals ; and though this is not the case, 
there can be little doubt but that the phosphate of lime which 
they contain is in this instance of organic origin.* It appears, 
in fact, that decaying animal matter has a singular power of 
determining the precipitation around it of mineral salts dis- 
solved in water. Thus, when any animal bodies are undergo- 
ing decay at the bottom of the sea, they have a tendency to 
cause the precipitation from the surrounding water of any 
mineral matters which may be dissolved in it ; and the organic 
body thus becomes a centre round which the mineral matters 
in question are deposited in the form of a '"concretion" or 
"nodule." The phosphatic nodules in question were formed 
in a sea in which phosphate of lime, derived from the destruc- 
tion of animal skeletons, was held largely in solution ; and a 
precipitation of it took place round any body, such as a decay- 
ing animal substance, which happened to be lying on the sea- 
bottom, and which offered itself as a favourable nucleus. In 
the same way we may explain the formation of the calcareous 
nodules, known as "septaria" or "cement stones," which 
occur so commonly in the London Clay and Kinimeridge 
Clay, and in which the principal ingredient is carbonate of 
lime. A similar origin is to be ascribed to the nodules of 
clay iron-stone (impure carbonate of iron) which occur so 
abundantly in the shales of the Carboniferous series and in 
other argillaceous deposits ; and a parallel modem example is 
to be found in the nodules of manganese, which were found 
by Sir Wyville Thomson, in the Challenger, to be so numer- 
ously scattered over the floor of the Pacific at great depths. 
In accordance with this mode of origin, it is exceedingly 
common to find in the centre of all these nodules, both old 
and new, some organic body, such as a bone, a shell, or a 
tooth, which acted as the original nucleus of precipitation, and 

" It has been maintained, indeed, thai the phosphatic nodules so largely 
worked for agricuUiiral purposes, are in themselves actual or^nic bodies 
DT true fossils. In a few cases this admits o( demonstration, as il can be 
shown that the nodule is simply an ot^anism (such as a sponge) infiltrated 
with phosphate of lime (Sollas) ; but ftiere are many other eases in which 
no actnal stmclure has yet been shown to exist, and as to the true origin 
of which it would be hazardous to oiier a positive opinion. 
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was thus preserved in a shroud of mineral matter. Many 
nodules, it is true, show do such nucleus ; but it has been 
affirmed that all of them can be shown, by appropriate 
microscopical investigation, to have been formed round an 
original organic body to begin with (Hawkins Johnson). 

The last lime-salt which need be mentioned is gyP^ttm, or 
sulphate of lime. This substance, apart from other modes of 
occurrence, is not uncommonly found inters tratified with the 
ordinary sedimentary rocks, in the form of more or less irregu- 
lar beds ; and in these cases it has a paljeontological import- 
ance, as occasionally yielding well-preserved fossils. Whilst 
its exact mode of origin is uncertain, it cannot be regarded as 
in itself an organic rock, though clearlj' the product of chemical 
actioa To look at, it is usually a whitish or yellowish-white 
rock, as coarsely crystalline as loaf-sugar, or more so ; and the 
microscope shows it to be composed entirely of crystals of 
sulphate of lime. 

We have seen that the calcareous or lime-containing rocks 
are the most important of the group of organic deposits; whilst 
the siliceous or flint-containing rocks may be regarded as the 
most important, most typical, and most generally distributed 
of the mechanically-formed rocks. We have, however, now 
briefly to consider certain deposits which are more or less 
completely formed of flint ; but which, nevertheless, are essen- 
tially organic in their origin. 

Flint or silex, hard and intractable as it is, is nevertheless 
capable of solution in water to a certain extent, and even of 
assuming, under certain circumstances, a gelatinous or viscous 
condition. Hence, some hot- springs are impregnated with 
silica to a considerable extent ; it is present in small quantity 
in sea-water ; and there is reason to believe that a minute pro- 
portion must very generally be present in all bodies of fresh 
water as welL It is from this silica dissolved in the water that 
many animals and some plants are enabled to construct for 
themselves flinty skeletons; and we find that these animals and 
plants are and have been sufficiently numerous to give rise to 
' very considerable deposits of siliceous matter by the mere 
accumulation of their skeletons. Amongst the animals which 
require special mention in this connection are the microscopic 
organisms which are known to the naturalist as Polycystitut. 
These little creatures are of the lowest possible grade of orgaor 
isation, very closely related to the animals which we have pre- 
viously spoken of as Foraminifera, but differing in the fact that 
they secrete a shell or skeleton composed of flint instead of 
Ihne, The Folycystina occur abundantly in our present seas- 
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ind their shells are present in some numbers in the ooze which 
is found at great depths in the Atlantic and Pacific oceans, 
being easily recognised by their exquisite shape, their glassy 
transparency, the general presence of longer or shoner spines, 
and the sieve-like perforations in the walls. Both in Batbadoes 
and in the Nicobar islands occur geological formations which 
are composed of the flinty skeletons of these microscopic 
animals ; the deposit in the former locality attaining a great 
thickness, and having been long known to workers with the 
microscope under the name of " Barbadoes earth " (fig. 15). 

In addition to flint- producing animals, we have also the 
great group of fresh -water and marine microscopic plants 
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known as Diatoms, which likewise secrete a siliceous skeleton, 
often of great beauty. The skeletons of Diatoms are found 
abundantly at the present day in lake-deposits, guano, the silt 
of estuaries, and in the mud which covers many parts of the 
sea-bottom ; they have been detected in strata of great age ; 
and in spite of their microscopic dimensions, they have not un- 
comnaonly accumulated to form deposits of great thickness, 
and of considerable superficial extent. Thus the celebrated 
deposit of "tripoli" (" Polir-schiefer") of Bohemia, largely 
worked as polishing-powder, is composed wholly, or almost 
wholly, of the flinty cases of Diatoms, of which it is calculated 
that no less than forty-one thousand millions go to make up a 
single cubic inch of the stone. Another celebrated deposit is 
the so-called "Infusorial earth" of Richmond in Virginia, 
where there is a stratum in places thirty feet thick, composed 
almost entirely of the microscopic shells of Diatoms. 

Nodules or layers of flint, or the impure variety of flint 
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known as chert, are found in limestones of almost all ages from 
the Silurian upwards ; but they are especially abundant in the 
chalk. When these flints are examined in thin and trans- 
parent slices under the microscope, or in polished sections, 
they are found to contain an abundance of minute organic 
bodies — such as Foraminifera, sponge-spicules, &c. — embedded 
in a siliceous basis. In many instances the flint contains 
larger organisms— such as a Sponge or a Sea-urchin. As the 
flint has completely surrounded and infiltrated the fossils which 
it contains, it is obvious that it must have been deposited from 
sea-water in a gelatinous condition, and subsequently have 
hardened. That silica is capable of assuming this viscous and 
soluble condition is known ; and the formation of Bint may 
therefore be regarded as due to the separation of silica fixjm 
the sea-water and its deposition round some organic body in a 
state of chemical change or decay, just as nodules of phos- 
phate of lime or carbonate of iron are produced. The exist- 
ence of numerous organic bodies in flint has long been known; 
but it should be added that a recent observer (Mr Hawkins 
Johnson) asserts tliat the CKisCence of an organic structure can 
be demonstrated by suitable methods of treatment, even in the 
actual matrix or basis of the flint.* 

In addition to deposits formed of flint itself, there are odier 
siliceous deposits formed by certain silicates, and also of 
organic origin. It has been shown, namely — by observations 
carried out in our present seas — that the shells oi Foraminifera 
are liable to become completely infiltrated by silicates (such 
as " glauconite," or silicate of iron and potash). Should the 
actual calcareous shell become dissolved away subsequent to 
this infiltration — as is also liable to occur — then, in place of 
the shells of the Furaminifera, we get a corresponding number 
of green sandy grains of glauconite, each grain being the cast \ 
of a single shell. It has thus been shown that the green sand 
found covering the sea-bottom in certain localities (as found I 
by the Challenger expedition along the line of the Agulhas 
current) is really organic, and is composed of casts of the 
shells of Foraminifera. Long before these observations had 
been made, it had been shown by Professor Ehrenberg that 
the green sands of various geological formations are composed 
mainly of the internal casts of the shells q{ Foraminifera i and 

• It has been asaerled that the flints of the chalk are merely fossil 
sponges. No explanation of the origin of flint, however, can be satisfac- 
loiy, nnless it embraces the origin of chert in almost all great limestones 
from the Silurian upwards, as well as the common phenomenon of the 
siliciHcalLon of organic bodies (such as corals and shells) which are known _ 
with certainty to have been originally calcareous. 
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^n have thus another and a very interesting example how rock- 
deposits of considerable extent and of geological importance 
can be built up by the operation of the minutest living beings. 
As regards argillaceous deposits, containing alumina or clay 
as their essential ingredient, it cannot be said that any of 
these have been actually shown to be of organic origin. A 
recent observation by Sir W)rvi!le Thomson would, however, 
render it not improbable that some of the great argillaceous 
accumulations of past geoli^cal periods may be really organic 
This distinguished observer, during the cruise of the Chal- 
lenger, showed that the calcareous oone which has been 
already spoken of as covering large areas of the floor of the 
Atlantic and Pacific at great depths, and which consists almost 
wholly of the shells of Jwratnintfera, gave place at still greater 
depths to a red ooze consisting of impalpable clayey mud, 
coloured by oxide of iron, and devoid of traces of organic 
bodies. As the existence of this widely -diffused red ooze, in 
raid-oCean, and at such great depths, cannot be explained on 
the supposition that it is a sediment brought down into the 
sea by rivers. Sir Wyville Thomson came to the conclusion 
that it was probably formed by the action of the sea-water 
upon the shells ol Foraminifera. These shells, though mainly 
consisting of lime, also contain a certain proportion of alumina, 
the former being soluble in the carbonic acid dissolved in the 
sea-water, whilst the latter is insoluble. There would further 
appear to be grounds for believing that the solvent power of 
the sea -water over lime is considerably increased at great 
depths, If, therefore, we suppose the shells of Foraminifera 
to be in course of deposition over the floor of the Pacific, at 
certain depths they would remain unchanged, and would ac- 
cumulate to form a calcareous ooze; but at greater depths they 
would be acted upon by the water, their lime would be dis- 
solved out, their form would disappear, and we should simply 
have left the small amount of alumina which they previously 
mtained. In process of time this alumina would accumulate 
bform a bed of clay; and as this clay had been directly 
Ifived from the decomposition of the shells of animals, it 
uld be fairiy entitled to be considered an organic deposit 
tough not finally established, the hypothesis of Sir Wyville 
|omsoa on this subject is of the greatest interest to the palie- 
lolog^st, as possibly serving to explain the occurrence, espe- 
'n the older formations, of great deposits of argillaceous 
jtter which are entirely destitute of traces of life. 
Bt only remains, in this connection, to shortly consider the 
^t-deposits in which carbon is found to be present ia greater 
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or less quantity. In the great majority of cases where rocks 
are found to contain carbon or carbonaceous matter, it can be 
stated with certainty that this substance is of organic origin, 
though it is not necessarily derived from vegetables. Carbon 
derived from the decomposition of animal bodies is not uncom- 
mon ; though it never occurs in such quantity from this source 
as it may do when it is derived from plants. Thus, many 
limestones are more or less highly bituminous ; the celebrated 
siliceous flags or so-calied " bituminous schists " of Caithness 
are impregnated with oily matter apparently derived from the 
decomposition of the numerous fishes embedded in them; 
Silurian shales containing Graptolites, but destitute of plants, 
are not uncommonly " anthracitic," and contain a small per- 
centage of carbon derived from the decay of these zoophytes ; 
whilst the petroleum so largely worked in North America has 
not improbably an animal origin. That the fatty compounds 
present in animal bodies should more or less extensively im- 
pregnate fossiliferous rock-masses, is only what might be ex- 
pected ; but the great bulk of the carbon which exists stored 
up in the earth's crust is derived from plants ; and the form in 
which it principally presents itself is that of coal. We shall 
have to speak again, and at greater length, of coal, and it is 
sufficient to say here that all the true coals, anthracites, and 
lignites, are of organic origin, and consist principally of the 
remains of plants in a more or less altered condition. The 
bituminous shales which are found so commonly associated 
with beds of coal also derive their carbon primarily from 
plants ; and the same is certainly, or probably, the case with 
similar shales whicii are known to occur in formations younger 
than the Carboniferous. Lastly, carbon may occur as a con- 
spicuous constituent of rock-masses in the form of graphite or 
biaek-lead. In this form, it occurs in the shape of detached 
scales, of veins or strings, or sometimes of regular layers;* 
and there can be little doubt that in many instances it has 
an organic origin, though this is not capable of direct proof. 
When present, at any rate, in quantity, and in the form of layers 
associated with stratified rocks, as is often the case in the Lau- 
rentian formation, there can be little hesitation in regarding it 
as of vegetable origin, and as an altered coal. 



* IntI 



: Huronian formation at Steel River, on the north shore of L*ke 



with the surronnding; rocks, and hi 
40 feel. This bed is shown by chemical analysis Xo contain f 
cent of carbon, partly in the form of graphite, partly in the foi 
cite ; and there can be little doubt but that it is really a strain 
morphic " coaL 
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CHAPTER III. 



The physical geologist, who deals with rocks simply as rocks, 
and who does not necessarily trouble himself about what fossils 
ihey may contain, finds that the stratified deposits which form 
so large a portion of the visible part of the earth's cnist are 
not promiscuously heaped together, but that they have a cer- 
tain definite arrangement. In each country that he examines, 
he finds that certain groups of strata lie above certain other 
groups ; and in comparing different countries with one another, 
he finds that, in the main, the same groups of rocks are always 
found in the same relative position to each other. It is pos- 
sible, therefore, for the physical geologist to arrange the known 
stratified rocks into a successive series of groups, 'or " forma- 
tions," having a certain definite order. The establishment of 
this physical order amongst the rocks introduces, however, at 
once the element of time, and the physical succession of the 
strata can be converted directly into a historical or chronologi- 
cal succession. This is obvious, when we reflect that any bed 
or set of beds of sedimentary origin is clearly and necessarily 
younger than al! the strata upon which it rests, and older than 
all those by which it is surmounted. 

It is possible, then, by an appeal to the rocks alone, to de- 
termine in each country the general physical succession of the 
strata, and this " stratigraphical " arrangement, when once de= 
lermined, gives us the relative ages of the successive groups. 
The task, however, of the physical geologist in this matter is 
immensely lightened when he calls in palfeontology to his aid, 
and studies the evidence of the fossils embedded in the rocks. 
Not only is it thus much easier to determine the order of suc- 
cession of the strata in any given region, but it becomes now 
for the first time possible to compare, with certainty and pre- 
cision, the order of succession in one region with that which 
exists in other regions far distant. The value of fossils as tests 
of the relative ages of the sedimentary rocks depends on the 
&ct that they are not indefinitely or promiscuously scattered 
through the crust of the earth, — as it is conceivable that they 
might be. On the contrary, the first and most firmly estab- 
lished law of Palieontology is, that particular kinds of fossils 



PRINCIPLES OF PALEONTOLOGY. 

are confined to particular rocks, and particular groups of fossih 
are cotifined to particular groups of rocks. Fossils, then, are 
distinctive of the rocks in which they are found — much more 
distinctive, in fact, than the mere mineral character of the rock 
can be, for thai commonly changes as a formation is traced 
from one region to another, whilst the fossils remain unaltered. 
It would therefore be quite possible for the pateontologisl, 
by an appeal to the fossils alone, to arrange the series of sedi- 
mentary deposits into a pile of strata having a certain definite 
order. Not only would this be possible, but it would be found 
—if sufficient knowledge had been brought to bear on both 
sides — that the palseontological arrangement of the strata would 
coincide in its details with the strati graphical or physical 
arrangement. 

Happily for science, there is no such division between the 
palseontologist and the physical geologist as here supposed; 
but by the combined researches of the two, it has been found 
possible to divide the entire series of stratified deposits into a 
number of definite ro^ -groups at formations, which have a 
recognised order of succession, and each of which is charac- 
terised by possessing an assemblage of organic remains which 
do not occur in association in any other formation. Such an 
assemblage of fossils, characteristic of any given formation, re- 
presents the life of the parti cular/wvo^ in which the formation 
was deposited. In this way the past history of the earth 
becomes divided into a series of successive life-periods, each of 
which corresponds with the deposition of a particular forma- 
tion or group of strata. 

Whilst particular assemblages of organic forms characterise 
particular groups of rocks, it may be further said that, in a 
general way, each subdivision of each formation has its own 
peculiar fossils, by which it may be recognised by a skilled 
worker in Paleontology. Whenever, for instance, we meet 
with examples of the fossils which are known as Graptolites, we 
may be sure that we are dealing with Silurian rocks (leaving 
out of sight one or two forms doubtfully referred to this family). 
We may, however, go much farther than this with perfect 
safety. If the Graptolites belong to certain genera, we may 
be quite certain that we are dealing with Loioer Silurian rocks. 
Furthermore, if certain special forms are present, we may be 
even able to say to what exact subdivision of the Low-er Silu- 
rian series they belong. 

As regards particular fossils, however, or even particular 
classes of fossils, conclusions of this nature require to be accom- 
panied by a tacit but well-understood reservation. So far as 
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oiir present observation goes, none of the undoubted Grapto- 
lites have ever been discovered in rocks later than those known 
upon other grounds to be Silurian ; but it is possible that they 
might at any time be detected in younger deposits. Similarly, 
the species and genera which we now regard as characteri; 
of the Lower Silurian, may at some future time be found to 
have survived into tlie Upper Silurian period. We should not 
forget, therefore, in determining the age of strata by palseonto- 
logical evidence, that we are always reasoning upon generalisa- 
tions which are the result of experience alone, and which are 
liable to be vitiated by further and additional discoveries. 

When the palieontotogical evidence as to the age of any 
giveo set of strata is corroborated by the physical evidence, our 
coDclu»ons may be regarded as almost certain ; but there are 
certain limitations and fallacies in the palieontological method 
of inquiry which deserve a passing mention. In the first 
place, fossils are not always present in the stratified rocks ; 
many aqueous rocks are unfossiliferous, through a thickness of 
hundreds or even thousands of feet of little-allered sediments ; 
and even amongst beds which do contain fossils, we often meet 
with strata of many feet or yards in thickness which are wholly 
destitute of any traces of fossils. There are, therefore, to 
begin with, many cases in which there is no paljeonlological 
evidence extant or available as to the age of a given group 
of strata. In the second place, paU-eontological observers in 
different parts of the world are liable to give different names 
to the same fossil, and in all parts of the worid they are occa- 
sionally liable to group together different fossils under the 
same title. Both these sources of fallacy require to be guarded 
agfunst in reasoning as to the age of strata from their fossil 
remains. Thirdly, the mere fact of fossils being found in beds 
which are known by physical evidence to be of different ages, 
has commonly led palffiontologisis to describe them as dif- 
ferent species. Thus, the same fossil, occurring in successive 
groups of strata, and with the merely trivial and varietal difier- 
ences due to the gradual change in its environment, has been 
repeatedly described as a distinct species, with a distinct 
name, in every bed in which it was found. We know, however, 
that many fossils range vertically through many groups of strata, 
and there are some which even pass through several forma- 
tions. The mere fact of a difference of physical position 
ought never to be taken into account at all in considering and 
determining the true affinities of a fossil. Fourthly, the 
results of experience, instead of being an assistance, are some- 
times liable to operate as a source of error. When once, 



namely, a generalisation has been established that certain 
fossils occur in strata of a certain age, palseontologists are apt 
to infer that all beds containing similar fossils must be of the 
same age. There is a presumption, of course, that this infer- 
ence would be correct ; but it is not a conclusion resting upon 
absolute necessity, and there might be physical evidence to 
disprove it. Fifthly, the physical geologist may lead the palae- 
ontologist astray by asserting that the physical evidence as to 
the age and position of a given group of beds is clear and un- 
equivocal, when such evidence may be, in reality, very slight 
and doubtful. In this way, the observer may be readily led 
into wrong conclusions as to the nature of the organic remains 
— often obscure and fragmentary — which it is his business to 
examine, or he may be led erroneously to think that previous 
generalisations as to the age of certain kinds of fossils are 
prematiu'e and incorrect. Lastly, there are cases in which, 
owing to the limited exposure of the beds, to their being 
merely of local development, or to other causes, the physical 
evidence as to the age of a given group of strata may be en- 
tirely uncertain and unreliable, and in which, therefore, the 
observer has to rely wholly upon the fossils which he may 
meet with. 

In spite of the above limitations and fallacies, there can be 
no doubt as to the enormous value of palaeontology in enab- 
ling us to work out the historical succession of the sedimentary 
rocks. It may even be said that in any case where there 
should appear to be a clear and decisive discordance between 
the physical and the palKontoIogical evidence as to the age 
of a given series of beds, it is the former that is to be distrusted 
rather than the latter. The records of geological science con- 
tain not a few cases in which apparently clear physical evi- 
dence of superposition has been demonstrated to have been 
wrongly interpreted ; but the evidence of palaeontology, when 
in any way sufficient, has rarely been upset by subsequent 
investigations. Should we find strata containing plants of the 
Coal-measures apparently resting upon other strata with Am- 
monites and Belemnites, we may be sure that the physical 
evidence is delusive ; and though the above is an extreme case, 
the presumption in all such instances is rather that the physical 
succession has been misunderstood or misconstrued, than that 
there has been a subversion of the recognised succession of 
life-forms. 

We have seen, then, that as the collective result of observa<- 
tions made upon the superposition of rocks in different locali- 
ties, from their mineral characters, and from their included 
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'^fossils, geologists have been able to divide the entire stratified 
series into a number of different divisions or formations, each 
characterised by a general uniformity of mineral composition, 
and by a special and peculiar assemblage of organic forms. 
Each of these primary groups is in turn divided into a series of 
smaller divisions, characterised and distinguished in the same 
way. It is not pretended for a moment that all these primary 
rock-groups can anywhere be seen surmounting one another 
regularly.* There is no region upon the earth where all 
the stratified formations can be seen together ; and, even 
when most of them occur in the same country, they can 
nowhere be seen all succeeding each other in their regular and 
uninterrupted succession. The reason of this is obvious. 
There are many places — to take a single example^ where one 
may see the the Silurian rocks, the Devonian, and the Carbon- 
iferous rocks succeeding one another regularly, and in their 
proper order. This is because the particular region where this 
occurs was always submerged beneath the sea while these for- 
marions were being deposited. There are, however, many 
more localities in which one would find the Carboniferous 
rocks resting unconformably upon the Silurians without the 
intervention of any strata which could be referred to the 
Devonian period. This might arise from one of two causes : 
I. The Silurians might have been elevated above the sea im- 
mediately after their deposition, so as to form dry land during 
the whole of the Devonian period, in which case, of course, 
no strata of the latter age could possibly be deposited in that 
area, 2. The Devonian might have been deposited upon the 
Silurian, and then the whole might have been elevated above 
J, and subjected to an amount of denudation sufficient to 
e the Devonian strata entirely. In this case, when the 
vas again submerged, the Carboniferous rocks, or any 
Dunger formation, might be deposited directly upon Silurian 
From one or other of these causes, then, or from subse- 
l^nent disturbances and denudations, it happens that we can 

have every reason to believe Ihal dry land and wa have exl^led. at 
3m Ihe commencement of the Laurentian period [o the present day^ 
■kn quite obvious that no one oflhn great formations can ever, under any cic- 
^Tmstances, have extended over the entire globe. In other words, no one of 
_Je fomations can ever have had a greater geographical BKlent than that of 
Hftewaa of the period In which the formation was deposited. Nor is (here anv 
■itUoD for thinking that the proportion of dry land to ocean has ever beeii 
■ aiteriaHy different to what it is at present, however greatly the areas of sea 
J Bid land may have changed as regards Iheir place. It follows from theahove, 
r llul there is no sufficient basis for the view that the crust of the Barlh is com- 
I PMed of a succession of concentric layers, like Ihe coals of an onion, each 
I ajtt representing one formation. 
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rarely find many of the primary formations following ■ 
another consecutively and in their regular order. 

In no case, however, do we ever find the Devonian resi 
upon the Carboniferous, or the Silurian rocks reposing on 
Devonian. We have therefore, by a comparison of m 
different areas, an established order of succession of the sti 
fied formations, as shown in the subjoined ideal section of 
crust of the earth (fig. 17). 

The main subdivisions of the stratified rocks are known 
the following names : — 

1. Laurentian. 

2. Cambrian (with Huronian ?). 

3. Silurian. 

4. Devonian or Old Red Sandstone. 
. Carboniferous, 



6. Per 



7. Triassic 

S. Jurassic or Oolitic. 

9. Cretaceous. 

10. Eocene. 

11. Miocene. 

12. Pliocene. 

13. Post-tertiary. 



New Red Sandstone. 
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Ideal Section of the Crust of the Earth. 



l)> Post-lerliary and RecenL 
f Pliocene. 




Old Red Sandstone. 
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Of these primary rock divisions, the Laiirentian, Cambrian, 
Silurian, Devonian, Carboniferous, and Permian are collec- 
tively grouped together under the name of the Primary or 
Palaozoic rocks (Gr, palaios, ancient ; zoe, life). Not only do 
they constitute the oldest stratified accumulations, but from 
the extreme divergence between their animals and plants and 
those now in existence, they may appropriately be considered 
as belonging to an "Old-Life" period of the world's history. 
The Triassic, Jurassic, and Cretaceous systems are grouped to- 
gether as the Secondary or Mesozoic formations (Gr. mesos, inter- 
mediate ; ioe, life) ; the organic remains of this " Middle-Life " 
period being, on the whole, intermediate in their characters 
between those of the palaaozoic epoch and those of more 
modem strata. Lastly, the Eocene, Miocene, and Pliocene 
formations are grouped together as the Tertiary or Kainosok 
rocks (Gr. kainos, new; zoe, life); because they constitute a 
"New- Life" period, in which the organic remains approximate 
in character to those now existing upon the globe. The so- 
called Post-Tertiary deposits are placed with the Kainoifoic, or ■ 
may be considered as forming a separate Quaternary system. 



CHAPTER IV. 



The term "contemporaneous" is usually applied by geolo- 
gists to groups of strata in different regions which contain the 
same fossils, or an assemblage of fossils in which many iden- 
tical forms are present. That is to say, beds which contain 
identical, or nearly identical, fossils, however widely separated 
they may be from one another in point of actual distance, are 
ordinarily believed to have been deposited during the same. 
period of the earth's history. This belief, indeed, constitutes 
the keystone of the entire system of determining the age of 
strata by their fossil contents ; and if we take the word " con- 
temporaneous " in a general and strictly geological sense, this 
belief can be accepted as proved beyond denial. ^Ve must, 
however, guard ourselves against too literal an interpretation 
of the word " contemporaneous," and we must bear in mind 
the enormously -prolonged periods of lime with which the 
geologist has to deal. When we say that two groups of 
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t different regions are " contemporaneous," we simply mean 
t they were formed during the same geological period, and 

erhaps at different stages of that period, and we do not mean to 
ftiply that they were formed at precisely the same instant of lime. 
A moment's consideration wUl show us that it is only in the 
former sense that we can properly speak of strata being " con- 
temporaneous ;" and that, in point of fact, beds containing 
the same fossils, if occurring ill widely distant areas, can hardly 
be " contemporaneous " in any literal sense ; but that the very 
identity of their fossils is proof that they were deposited one 
after the other. If we find strata containing identical fossils 
within the limits of a single geographical region — say in Europe 
— then there is a reasonable probability that these beds are 
strictly contemporaneous, in the sense that they were deposited 
at the same time. There is a reasonable probability of this, 
because there is no improbability involved in the idea of an 
ocean occupying the whole area of Eurojje, and peopled 
throughout by many of the same species of marine animals. At 
the present day, for example, many identical species of animals 
are found living on the western coasts of Britain and the 
eastern coasts of North America, and beds now in course of 
deposition off the shores of Ireland and the seaboard of the 
state of New York would necessarily contain many of the 
same fossils. Such beds would be both literally and geologi- 
cally contemporaneous; but the case is different if the distance 
between the areas where the strata occur be greatly increased. 
We find, for example, beds containing identical fossils (the 
Quebec or Skiddaw beds) in Sweden, in the north of England, 
in Canada, and in Australia, Now, if all these beds were con- 
temporaneous, in the literal sense of the term, we should have 
to suppose that the ocean at one time extended unintermp- 
tedly between all these points, and was peopled throughout 
the vast area thus indicated by many of the same animals. 
Nothing, however, that we see at the present day would justify 
us in imagining an ocean of such enormous extent, and at the 
same time so uniform in its depth, temperature, and other 
conditions of marine life, as to allow tlie same animals to 
flourish in it from end to end; and the example chosen is 
only one of a long and ever-recurring series. It is therefore 
much more reasonable to explain this, and all similar cases, as 
owing to the migration of the fauna, in whole or in part, from 
one marine area to another. Thus, we may suppose an ocean 
to cover what is now the European area, and to be peopled by 
certain species of animals. Beds of sediment — clay, sands, 
juu) iimestoDes — will be deposited over the sea-bottom, and 
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will entomb the remains of the animals as fossils. After tliis 
has lasted for a certain length of time, the European area may- 
undergo elevation, or may become otherwise unsuitable for the 
perpetuation of its fauna ; the result of which would be that 
some or all of the marine animals of the area would migrate to 
some more suitable region. Sediments would then be accumu- 
lated in the new area to which they had betaken themselves, 
and they would then appear, for the second time, as fossils in 
a set of beds widely separated from Europe. The second set 
of beds would, however, obviously not be strictly or literally 
contemporaneous with the first, but would be separated from 
them by the period of time required for the migration of the 
animals from the one area into the other. It is only in a wide 
and comprehensive sense that such strata can be said to be 
cont emporaneous. 

It is impossible to enter further into this subject here; but 
it may be taken as certain that beds in widely remote geogra- 
phical areas can only come to contain the same fossils by 
reason of a migration having taken place of the animals ot 
the one area to the other. That such migrations can and do 
take place is quite certain, and this is a much more reasonable 
explanation of the observed facts than the hypothesis that in 
fonner periods the conditions of life were much more uniform 
than they are at present, and that, consequently, the same 
organisms were able to range over the entire globe at the same 
time. It need only be added, that taking the evidence of the 
present as explaining the phenomena of the past— the c 
safe method of reasoning in geological matters — we have 
abundant proof that deposits which are actually contempo- 
raneous, in the strict sense of the term, do not contain the sam 
fossils, if far removed from one another in point of distarut 
Thus, deposits of various kinds are now in process of forma- 
tion in our existing seas, as, for example, in the Arctic C 
the Atlantic, and the Pacific, and many of these deposits are 
known to us by actual examination and observation with the 
Bounding-lead and dredge. But it is hardly necessary to add 
that the animal remains contained in these deposits — the 
fossils of some future period — instead of being identit:al, are 
widely different from one another in their characters. 

We have seen, then, that the entire stratified series is capaUfi 
of subdivision into a number of definite rock -groups or "forma- ' 
tions," each possessing a peculiar and characteristic assem- 
blage of fossils, representing the "life" of the "period" 
which the formation was deposited. We have still to inquire 
shortly how it came to pass that two successive fonnattc 
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should thus be broadly distinguished by their Hfe-forais, and 
why they should not rather possess at any rate a majority of 
identical fossils. It was originally supposed that this could be 
explained by the hypothesis that the close of eacli formation 
was accompanied by a general destruction of all the living 
beings of the period, and that the commencement of each 
new formation was signalised by the creation of a number of 
brand-new organisms, destined to figure as the characteristic 
fossils of the same. This theory, however, ignores the fact 
that each formation — as to which we have any sufficient 
evidence — contains a few, at least, of the life-forms which 
existed in the preceding period; and it invokes forces and 
processes of which we know nothing, and for the supposed 
action of which we cannot account The problem is an un- 
deniably difficult one, and it will not be possible here to give 
more than a mere outline of the modem views upon the sub- 
ject. Without entering into the at present inscrutable question 
as to the manner in which new life-forms are introduced upon 
the earth, it may be stated that almost all modem geologists 
hold that the living beings of any given formation are in the 
main modified forms of others which have preceded them. It 
is not believed that any general or universal destruction of 
life took place at the termination of each geological period, or 
that a general introduction of new forms took place at the 
commencement of a new period. It is, on the contrary, 
believed that the animals and plants of any given period are 
for the most part (or exclusively) the lineal but modified 
descendants of the animals and plants of the immediately pre- 
ceding period, and that some of tbem, at any rate, are con- 
tinued into the next succeeding period, either unchanged, or 
so far altered as to appear as new species. To discuss these 
views in detail would lead us altogether too far, but there is 
one very obvious consideration which may advantageously 
receive some attention. It is obvious, namely, that the great 
discordance which is found to subsist between the animal 
life of any given formation and that of the next succeeding 
formation, and which no one denies, would be a fatal blow to 
the views Just alluded to, unless admitting of some satisfactory 
explanation. Nor is this discordance one purely of life-forms, 
for there is often a physical break in the successions of strata 
as well. Let us therefore briefly consider how far these 
interruptions and breaks in the geological and paljeonlo- 
logical record can be accounted for, and still allow us to 
believe in some theory of continuity as opposed to the doc- 
trine of intermittent and occasional action. 
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In the first place, it is perfectly clear that if we admit the 
conception above mentioned of a continuity of life from the 
Laurentian period to the present day, we coidd never prme 
our view to be correct, unless we could produce in evidence 
fossil examples of all the kinds of animals and plants that 
have lived and died during that period. In order to do this, 
we should require, to begin with, to have access to an abso- 
lutely unbroken and perfect succession of all the deposits 
which have ever been laid down since the beginning. '" 
however, we ask the physical geologist if he is in posses 
of any such uninterrupted series, he will at once answer in the 
negative. So far from the geological series being a perfect one, 
it is interrupted by numerous gaps of unknown length, many 
of which we can never expect to fill up. Nor are the proofs 
of this far to seek. Apart from the facts that we have hitherto 
examined only a limited portion of the dry land, that nearly 
two-thirds of the entire area of the globe is inaccessible to 
geological investigation in consequence of its being covered 
by the sea, that many deposits can be shown to have been 
more or less completely destroyed subsequent to their depo- 
sition, and that there maybe many areas in which living beings 
exist where no rock is in process of formation, we have the broad 
fact that rock- deposit ion only goes on to any extent in water, 
and that the earth must have always consisted partly of dry 
land and partly of water— at any rate, so far as any period of 
which we have geological knowledge is concerned. There 
must, therefore, always have existed, at some part or another 
of the earth's surface, areas where no deposition of rock was 
going on, and the proof of this is to be found in the well- 
known ^hsnomsxion oi "uruotiformability." Whenever, namely, 
deposition of sediment is continuously going on within the 
limits of a single ocean, the beds which are laid down succeed 
one another in uninterrupted and regular sequence. Suet 
beds are said to be " conformable," and there are many rodl- 
groups known where one may pass through fifteen or twenQ'' 
thousand feet of strata without a break — indicating that the' 
beds had been deposited in an area which remained continn- 
ously covered by the sea. On the other hand, we commonly 
find that there is no such regular succession when we pasi 
from one great formation to another, but that, on the contraiy, 
the younger formation rests " un con form ably," as it is called, 
either upon the formation immediately preceding it in point di 
time, or upon some still oider one. The essential ph}-sic^ 
feature of this un conform ability is that the beds of the younger 
formation rest upon a worn and eroded surface formed by 
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beds of the older series (fig. 
[jon will show us what this 



8) ; and a moment's considera- 
indicates. It indicates, bey 
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the possibility of misconception, that there was an interval 
between the deposition of the older series and that of the 
newer series of strata ; and that during this interval the older 
beds were raised above the sea-level, so as to form dry land, 
and were subsequently depressed again beneath the waters, to 
receive upon their worn and wasted upper surface the sedi- 
ments of the later group. During the interval thus indicated, 
the deposition of rock must of necessity have been proceeding 
more or less actively in other areas. Every unconformity, 
therefore, indicates that at the spot where it occurs, a more or 
less extensive series of beds must be actually missing; and 
though we may sometimes be able to point to these missing 
strata in other areas, there yet remains a number of unconfor- 
mities for which we cannot at present supply the deficiency 
even in a partial manner. 

It follows from the above that the series of stratified deposits 
is to a greater or less extent irremediably imperfect; and in 
tins imperfection we have one great cause why we can never 
obtain a perfect series of all the animals and plants that have 
lived upon the globe. Wherever one of these great physical 
gaps occurs, we find, as we might expect, a corresponding 
break in the series of Hfe-forms. In other words, whenever we 
find two formations to be unconformable, we shall always find 
at the same time that there is a great difference in their fossils, 
and that many of the fossils of the older formation do not sur- 

e into the newer, whilst many of those in the newer are not 
known to occur in the older. The cause of this is, obviously, 
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that the lapse of time, indicated by the uncon form ability, has 
been sufficiently great to allow of the dying out or modifica- 
tion of many of the older forms of life, and the introduction of 
new ones by immigration. 

Apart, however, altogether, from these great physical breaks 
and their corresponding breaks in life, there are other reasons 
why we can never become more than partially acquainted with 
the former denizens of the globe. Foremost amongst these is 
the fact that an enormous number of animals possess no hard 
parts of the nature of a skeleton, and are therefore incapable, 
under any ordinary circumstances, of leaving behind them any 
traces of their existence. It is true that there are cases in 
which animals in themselves completely soft-bodied are never- 
theless able to leave marks by which their former presence can 
be detected. Thus every geologist is familiar with the wind- 
ing and twisting " trails" formed on the surface of the strata 
by sea -worms; and the impressions left by the stranded 
carcases of Jelly-fishes on the fine-grained lithographic slates 
of Solenhofen supply us with an example of how a creature 
which is little more than "organised sea-water" may still 
make an abiding mark upon the sands of time. As a general 
rule, however, animals which have no skeletons are incapable 
of being preserved as fossils, and hence there must always 
have been a vast number of different kinds of marine animals 
of which we have absolutely no record whatever. Again, 
almost all the fossiliferous rocks have been laid down in water; 
and it is a necessary result of this that the great majority of 
fossils are the remains of aquatic animals. The remains of 
air-breathing animals, whether of the inhabitants of the land 
or of the air itself, are comparatively rare as fossils, and the 
record of the past existence of these is much more imperfect 
than is the case with animals living in water. Moreover, the 
fossiliferous deposits are not only almost exclusively aqueous 
formations, but the great majority are marine, and only a com- 
paratively small number have been formed by lakes and riveis. 
It follows from the foregoing that the palEeontological record 
is fullest and most complete so far as sea-animals are concerned, 
though even here we find enormous gaps, owing to the absence 
of hard structures in many great groups; of animals inhabiting, 
fresh waters our knowledge is rendered still further incomplete 
by the small proportion that fluviatile and lacustrine deposits 
bear to marine ; whilst we have only a fragmentary acquaint 
ance with the air-breathing animals which inhabited the earth 
during past ages. 

Lastly, the imperfection of the palieontological record, due. 
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■to the causes above enumerated, is greatly aggravated, especi- 
Bally as regards the earlier portion of the earth's history, by the 
B&ct that many rocks which contained fossils when deposited 
p^ave since been rendered barren of organic remains. The 
' principal cause of this common phenomenon is what is known 
as " metamorph ism "—that is, the subjection of the rock to a 
sufficient amount of heat to cause a rearrangement of its par- 
ticles. Wiien at all of a pronounced character, the result of 
metamorphic action is invariably the obliteration of any fossils 
which might have been originally present in the rock. Meta- 
morphism may affect rocks of any age, though naturally more 
prevalent in the older rocks, and to this cause must be set 
down an irreparable loss of much fossil evidence. The most 
striking example which is to be found of this is the great Lau- 
rentian series, which comprises ' some 30,000 feet of highly- 
metamorphosed sediments, but which, with one not wholly 
undisputed exception, has as yet yielded no remains of living 
beings, though there is strong evidence of the former existence 
in it of fossils. 

Upon the whole, then, we cannot doubt that the earth's 
crust, so far as yet deciphered by us, presents us with but a 
very imperfect record of the past. Whether the known and 
admitted imperfections of the geological and palajontological 
records are sufficiently serious to account satisfactorily for the 
deficiency of direct evidence recognisable in some modem 
hypotheses, may be a matter of individual opinion. There 
can, however, be bttle doubt that they are sufficiently extensive 
to throw the balance of evidence decisively in favour of some 
theory of continuity, as opposed to any theory of intermittent 
and occasional action. The apparent breaks which divide the 
great series of the stratified rocks into a number of isolated 
formations, are not marks of mighty and general convulsions 
of nature, but are simply indications of the imperfection of 
our knowledge. Never, in all probability, shall we be able to 
point to a complete series of deposits, or a complete succession 
of life linking one great geological period to another. Never- 
theless, we may well feel sure that such deposits and such an 
imbroken succession must have existed at one time. We are 
compelled to believe that nowhere in the long series of the 
fossiiiferous rocks has there been a total break, but that there 
must have been a complete continuity of life, and a more or 
less complete continuity of sedimentation, from the Laurentian 
period to the present day. One generation hands on the 
lamp of life to the next, and each system of rocks is the direct 
offspring of those which preceded it in time. Though there 



PRINCIPLES OF PALEONTOLOGY, 

has not been continuity in any given area, still the geological 
chain couid never have been snapped at one point, and taken 
up again at a totally different one. Thus we arrive at the 
conviction that continuity is the fundamental law of geology, 
as it is of the other sciences, and that the lines of demarca- 
tion between the great formations are but gaps in our own 
knowledge. 



CHAPTER V. ^^H 

CONCLUSIONS TO BE DRAWN FROM FOSSILS. 

We have already seen that geologists have been led by the 
study of fossils to the all-important generalisation that the vast 
series of the Fossiliferous or Sedimentary Rocks may be 
divided- into a number of definite groups or " formations," j 
each of which is characterised by its organic remains. It may ' 
simply be repeated here that these formations are not properly 
and strictly characterised by the occurrence in them of any 
one particular fossil. It may be that a formation contains 
some particular fossil or fossils not occurring out of that 
formation, and that in tliis way an observer may identify a 
given group witli tolerable certainty. It very often happens, i 
indeed, that some particular stratum, or sub-group of a series, 
contains peculiar fossils, by which its existence may be deter- 
mined in various localities. As before remarked, however, the 
great formations are characterised properly by the association 
of certain fossils, by the predominance of certain families or 
orders, or by an assemblage of fossil remains representing ihe 
" life " of the period in which the formation was deposited. 

Fossils, then, enable us to determine the age of the deposits 
in wiiich they occur. Fossils further enable us to come to 
very important conclusions as to the mode in which the fosstt 
iferous bed was deposited, and thus as to the condition of the 
particular district or region occupied by tlie fossiliferous bed 
at the time of the formation of the latter. If, in the first 
place, the bed contain the remains of animals such as now 
inhabit rivers, we know that it is "fluviatile" in its origin, and 
that it must at one time have either formed an actual river- 
bed, or been deposited by the overflowing of an ancient 
stream. Secondly, if the bed contain the remains of shell- 
fish, minute crustaceans, or fish, such as now inhabit lake^ 
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; know that it is " lacustrine," and was deposited beneath 

e waters of a former lake, Thirdly, if the bed contain the 

remains of animals such as now people the ocean, we know 

that it is " marine " in its origin, and that it is a fragment of 

an old sea-bottom. 

We can, however, often determine the conditions under 
which a bed was deposited with greater accuracy than lliis. 
If, for example, the fossils are of kinds resembling the marine 
animals now inhabiting shallow waters, if they are accompanied 
by tlie detached relics of terrestrial oi^anisms, or if they are 
partially rolled and broken, we may conclude that the fossil- 
iferous deposit was laid down in a shallow sea, in the immediate 
vicinity of a coast-line, or as an actual shore- deposit. If, again, 
the remains are those of animals such as now live in the deeper 
parts of the ocean, and there is a very sparing intermixture of 
extraneous fossils (such as the bones of birds or quadrupeds, 
or the remains of plants), we may presume that the deposit is 
one of deep water. In other cases, we may find, scattered 
through the rock, and still in their natural position, the valves 
of shells such as we know at the present day as living buried 
ill the sand or mud of the sea-shore or of estuaries. In other 
cases, the bed may obviously have been an ancient coral-reef, 
!i accumulation of social shells, like Oysters. Lastly, if we 
find the deposit to contain the remains of marine shells, but 
lliat these are dwarfed of their fair proportions and distorted 
in figure, we may conclude that it was laid down in a brackish 
sea, such as the Baltic, in which the proper saltness was want- 
wtag, owing to its receiving an excessive supply of fresh water. 
, In the preceding, we have been dealing simply with the 
s of aquatic animals, and we have seen that certain con- 
tusions can be accurately reached by an examination of these. 
As regards the determination of the conditions of deposition 
from the remains of aerial and terrestrial animals, or from 
plants, there is not such an absolute certainty. The remains 
of land-animals would, of course, occur in " sub-aerial " deposits 
—that is, in beds, like blown sand, accumulated u[:on the land. 
Most of the remains of land-animals, however, are found in 
deposits which have been laid down in water, and they owe 
iheir present position to the fact that their former owners were 
drowned in rivers or lakes, or carried out to sea by streams. 
Ilirds, Flying Reptiles, and Flying Mammals might also simi- 
larly find their way into aqueous deposits ; but it is to be re- 
membered that many birds and mammals habitually spend a 
great part of their lime in the water, and that these might there- 
fore be naturally expected to present themselves as fossils in 
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Sedimentary Rocks. Plants, again, even when undoubtedly 
such as must have grown on land, do not prove that the bed 
in which they occur was formed on land. Many of the remains 
of plants known to us are extraneous to the bed in which they 
are now found, having reached their present site by falling into 
lakes or rivers, or being carried out to sea by floods or gales of 
wind. There are, however, many cases in which plants have 
undoubtedly grown on the very spot where we now find them. 
Thus it is now generally admitted that the great coal-fields 
of the Carboniferous age are the result of the growth in situ 
of the plants which compose coal, and that these grew 
on ^ast marshy or partially 
submerged tracts of level 
alluvial land. We have, 
hoftever, distinct evidence 
of old land-surfaces, both in 
tlie Coal-measures and in 
other cases (as, for instance, 
in the well-known "dirt- 
bed " of the Purbeck series). 
\\ hen, for example, we find 
the erect stumps of trees 
standing at right angles 
to the surrounding strata, 
we know that the surface 
through which these send 
their roots was at one time 
the surface of the dry land, 
or, in other words, was aa 
ancient sod (fig. 19). 

In many cases fossils en- 
able us to come to important 
conclusions as to the climate 
of the period in which they 
lived, but only a few in- 
stances of this can be here 
adduced. As fossils in the majority of instances are the re- 
mains of marine animals, it is mostly the temperature of the 
sea which can alone be determined in this way; and it is import- 
ant to remember that, owing to the existence of heated currents, 
the marine climate of a given area does not necessarily imply a 
correspondingly warm climate in the neighbouring land. Land- 
climates can only be determined by the remains of land-ani- 
mals or land-plants, and these are comparativtly rare as fossils. 
It is also important to remember that all conclusions on this 
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head are really based upon the present distribution of animal 
and vegetable life on the globe, and are therefore liable to be 
vitiated by the following considerations : — 

, Most fossils are extinct, and it is not certain that the 
habits and requirements of any extinct animal were exacdy 
similar to those of its nearest living relative. 

b. When we get ver^' far back in time, we meet with groups 
of orgaiiisms so unlike anything we know at the present day as 
to render all conjectures as to climate founded upon their sup- 
{losed habits more or less uncertain and unsafe. 

c. In the case of marine animals, we are as yet very far from 
knowing the exact limits of distribution of many species within 
our present seas ; so that conclusions drawn from living forms 

t>s 10 extinct species are apt to prove incorrect For instance, 
■ it has recently been shown tiiat many shells formerly believed 
to be confined to the Arctic Seas have, by reason of the ex- 
tension of Polar currents, a wide range to the south ; and this 
has thrown doubt upon the conclusions drawn from fossil 
flhells as to the Arctic conditions under which certain beds 
were supposed to have been deposited. 

d. The distribution of animals at the present day is certainly 
dependent upon other conditions beside climate alone ; and 
the causes which now limit the range of given animals are 
certainly such as belong to the existing order of thmgs. But 
tte establishment of the present order of things does not date 
lack in many cases to the introduction of the present species 
«f annuals. Even in the case, therefore, of existing species of 

ala, it can often be shown that the past distribution of the 
i^iecies was different formerly to what it is now, not necessarily 
because the climate has changed, but because of the alteration 
>f other conditions essendal to the life of the species or con- 
ia<^g to its extension. 

Still, we are in many cases able to draw completely reliable 
inclusions as to the climate of a given geological period, by 
m examination of the fossils belonging to that period. Among 
he more striking examples of how the past climate of a region 
nay be deduced from the study of the organic remains con- 
ained in its rocks, the following may be mentioned : It has 
»eea shown that in Eocene times, or at the commencement 
if the Tertiary period, the climate of what is now Western 
Europe was of a tropical or sub-tropical character. Thus the 
Eocene beds are found to contain the remains of shells such 
as now inhabit tropical seas, as, for example, Cowries and 
Volutes ; and with these are the fruits of palms, and the 
remains of other tropical plants. It has been shown, again, 
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that in Miocene times, or about the middle of the Tertiary 
period, Central Europe was peopled with a luxuriant flora 
resembling that of the warmer parts of the United States, and 
leading to the conclusion that the mean annual temperature 
must have been at least 30° hotter than it is at present. It 
has been shown that, at the same time, Greenland, now buried 
beneath a vast ice-shroud, was warm enough to support a large 
number of trees, shrubs, and other plants, such as inhabit the 
temperate regions of the globe. Lastly, it has been shown, 
upon physical as well as paleeontological evidence, that the 
greater part of the North Temperate Zone, at a comparatively 
recent geological period, has been visited with all the rigours 
■ of an Arctic climate, resembling that of Greenland at the pre- 
sent day. This is indicated by the occurrence of Arctic shells 
in the superficial deposits of this period, whilst the Musk-ox 
and the Reindeer roamed far south of their present limits. 

Lastly, it was from the study of fossils that geologists learnt 
originally to comprehend a fact which may be regarded as of 
cardinal importance in all modern geological theories and 
speculations — namely, that the crust of the earth is liable to 
local elevations and subsidences. For long after the remains 
of shells and other marine animals were for the first lime ob- 
served in the solid rocks forming the dry land, and at great 
heights aboi'e the sea-level, attempts were made to explain this 
almost unintelligible phenomenon upon the hypothesis that 
the fossils in question were not really the objects they repre- 
sented, but were in truth mere lusus nalurm, due to some 
" plastic virtue latent in the earth." The common-sense of 
scientific men, however, soon rejected this idea, and it was 
agreed by universal consent that these bodies really were the 
remains of animals which formerly lived in the sea. When 
once this was admitted, the further steps were comparatively 
easy, and at the present day no geological doctrine stands on 
a firmer basis than that which teaches us that our present con- 
tinents and islands, fixed and immovable as they appear, have 
been repeatedly sunk beneath the ocean, 
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CHAPTER VI. 

THE BIOLOGICAL RELATIONS OF FOSSILS. 

Not only have fossils, as we have seen, a most important 
:armg upon the sciences of Geology and Physical Geography, 
but they have relations of the most complicated and weighty 
character with the numerous problems connected with the 
study of living beings, or in other words, with the science of 
Biology. To such an extent is this the case, that no adequate 
comprehension of Zoology and Botany, in their modem 
form, is so much as possible without some acquaintance with 
the types of animals and plants which have passed away. 
There are also numerous speculative questions in the domain 
of vital science, which, if soluble at all, can only hope to find 
their key in researches carried out on extinct organisms, 'lo 
discuss fully the biological relations of fossils would, there- 
fore, afford matter for a separate treatise ; and all that can be 
done here is to indicate very cursorily the principal points to 
which the attention of the palEoctoIogical student ought to 
lie directed. 

In the first place, the great majority of fossil animals and 
plants are "extinct" — that is to say, they belong to species 
which are no longer in existence at the present day. So far, 
however, from there being any truth in the old view that there 
were periodic destructions of all the living beings in existence 
upon the earth, followed by a conesponding number of new 
creations of animals and plants, the actual facts of the case show 
that the extinction of old fonns and the introduction of new 
forms have been processes constantly going on throughout the 
whole of geological time. Every species seems to come into 
l>eing at a certain definite point of time, and to finally dis- 
uppear at another definite point; though there are few in- 
itMces indeed, if there are any, in which our present know-' 
ledge would permit us safely to fix with precision the times of 
■ entrance and exit There are, moreover, marked differences 
in the actual tirae during which different species remained in 
existence, and therefore corresponding differences in their 
"vertical range," or, in other words, in the actual amount and 
thickness of strata through which they present themselves as 
fossils. Some species are foimd to range through two or even 
three formations, and a few have an even more extended life. 
More commonly the species which begin in the commence- 
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ment of a great formation die out at or before its close, whilst 
those which are introduced for the first time near the middle 
or end of the formation may either become extinct, or may 
pass on into the next succeeding formation. As a general 
rule, it is the animals which have the lowest and simplest 
organisation that have the longest range in time, and the 
additional possession of microscopic or minute dimensions 
seems also to favour longevity. Thus some of the Forami- 
nifera appear to have survived, with little or no perceptible 
alteration, from the Silurian period to the present day ; whereas 
large and highly-organised animals, though long-lived as indi- 
viduals, rarely seem to live long specifically, and have, there- 
fore, usually a restricted vertical range. Exceptions to this, 
however, are occasionally to be found in some "persistent 
types," which extend through a succession of geolt^cal 
periods with very little modification. Thus the existing 
Lampshells of tJie genus Lingula are little changed from the 
ZjWgwite which swarmed in the Lower Silurian seas; and the 
existing Pearly Nautilus is the last descendant of a clan 
nearly as ancient. On the other hand, some forms are singu- 
larly restricted in their hmits, and seem to have enjoyed a 
comparatively brief lease of life. An example of this is to 
be found in many of the Ammonites — close allies of the Nau- 
tilus — which are often confined strictly to certain zones of 
strata, in some cases of very insignificant thickness. 

Of the causes of extinction amongst fossil animals and 
plants, we know little or nothing. All we can say is, that the 
attributes which constitute a spuies do not seem to be intrin- 
sically endowed with permanence, any more than the attri- 
butes which constitute an individual, though the former may 
endure whilst many successive generations of the latter have 
disappeared. Each species appears to have its own life- 
period, its commencement, its culmination, and its gradual 
decay ; and the life-periods of different species may be of veiy 
different duration. 

From what has been said above, it may be gathered that 
our existing species of animals and plants are, for the most 
part, quite of modem origin, using the term "modem " in its 
geological acceptation. Measured by human standards, the 
majority of existing animals (which are capable of being 
preserved as fossils) are known to have a high antiquity; 
and some of them can boast of a pedigree which even the 
geologist may regard with respect. Not a few of our shell- 
fish are known to have commenced their existence at some 
point of the Tertiary period; one Lampshell {Tercbratuliua 
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li-strpetitis) is believed to have survived since the Chalk ; 
Hid some of the Foraminifera date, at any rate, from the 
"arboniferous period. We learn from this the additional 
t that our existing animals and plants do not constitute an 
lemblage of oi^anic forms which were introduced into the 
Forld collectively and simultaneously, but that they com- 
:nced their existence at very different periods, some being 
tremely old, whilst others may be regarded as compara- 
tively recent animals. And this introduction of the existing 
fauna and flora was a slow and gradual process, as shown 
admirably by the study of the fossil shells of the Tertiary 
period. Thus, in the earlier Tertiary period, we find about 
95 percent of the known fossil shells to be species that are 
no longer in existence, the remaining 5 per cent being 
forms which are known to live in our present seas. In the 
middle of the Tertiary period we find many more recent 
and still existing species of shells, and the estinct types are 
much fewer in number ; and this gradual introduction of 
forms now living goes on steadily, till, at the close of the Ter- 
tiaiy period, the proportions with which we started may be 
reversed, as many as 90 or 95 per cent of the fossil sliells 
being forms still alive, while not more than 5 per cent may 
have disappeared. 

AU known animals at the present day may be divided into 
some five or six primary divisions, which are known technically 
as "sub-kingdoms." Each of these sub - kingdom s * may be 
regarded as representing a certain type or plan of structure, 
and all the animals comprised in each are merely modified forms 
of this common type. Not only are all known living animals 
thus reducible to some five or six fundamental plans of struc- 
ture, but amongst the vast series of fossil forms no one has 
yet been found — however unhke any existing animal — to 
possess peculiarities which would entitle it to be placed in a 
new sub-kingdom. All fossil animals, therefore, are capable 
of being referred to one or other of the primary divisions of 
the animal kingdom. Many fossil groups have no closely- 
related group now in existence ; but in no case do we meet 
with any grand structural type which has not survived to the 
present day. 

The old types of life differ in many respects from those now 
upon the earth ; and the further back we pass in time, the 
more marked does this divergence become. Thus, if we were 
to compare the animals which hved in the Silurian seas with 

vca of the sub-kingdoms, and 



PRINCIPLES OF PALEONTOLOGY. 

those inhabiting our present oceans, we should in most in- 
stances find differences so great as almost to place us in 
another world. This divergence is the most marked in the 
Palaeozoic forms of life, less so in those of the Mesozoic period, 
and less still in the Tertiary period. Each successive formation 
has therefore presented us with animals becoming gradually 
more and more like those now in existence ; and though there 
is an immense and striking difference between the Silurian 
animals and those of to-day, this difference is greatly reduced 
if we compare the Silurian fauna with the Devonian ; that > 
again with the Carboniferous ; and so on till we reach the 
present. 

It follows from the above that the animals of any given i 
formation are more like those of the next formation beiow, 
and of the next formation above, than they are to any others; 
and this fact of itself is an almost inexplicable one, unless we i 
believe that the animals of any given formation are, iri part at 
any rate, the lineal descendants of the animals of the preced- 
ing formation, and the progenitors, also in part at least, of the 
animals of the succeeding formation. In fact, the palxon- 
tologist is so commonly confronted with the plienomenon of , 
closely-allied forms of animal life succeeding one another in 
point of time, that he is compelled to believe that such forms ' 
have been developed from some common ancestral type by , 
some process of "evolution." On the other hand, there are , 
many phenomena, such as the apparently sudden introduction ' 
of new forms throughout all past time, and the common occur- 
rence of wholly isolated types, which cannot be explained \r% 
this way. Whilst it seems certain, therefore, that many of the 
phenomena of the succession of animal life in past periods cac^ 
only be explained by some law of evolution, it seems at the . 
same time certain that there has always been some other ' 
deeper and higher law at work, on the nature of which it 
would be futile to speculate at present. 

Not only do we find that the animals of each successive 
formation become gradually more and more like those noir 
existing upon the globe, as we pass from the older rocks into 
the newer, but we also find that there has been a gradual pro- 
gression and development in the types of animal life which 
characterise the geological ages. If we take the earliest-known J 
and oldest examples of any given group of animals, it can 1 
sometimes be shown that these primitive forms, though in I 
themselves highly organised, possessed certain characters such 1 
as are now only seen in the young of their existing representa- 1 
tives. In technical language, the early forms of life in s 
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instances possess ^^ embryonic ^^ characters, though this does 
not prevent them often attaining a size much more gigantic 
than their nearest living relatives. Moreover, the ancient 
forms of life are often what is called " comprehensive types " 
— that is to say, they possess characters in combination such 
as we nowadays only find separately developed in different 
groups of animals. Now, this permanent retention of embry- 
onic characters and this "comprehensiveness" of structural 
type are signs of what a zoologist considers to be a compara- 
tively low gcade of organisation ; and the prevalence of these 
features in the earlier forms of animals is a very striking phe- 
nomenon, though they are none the less perfectly organised so 
far as their own type is concerned. As we pass upwards in 
the geological scale, we find that these features gradually dis- 
appear, higher and ever higher forms are introduced, and 
" specialisation " of type takes the place of the former com- 
prehensiveness. We shall have occasion to notice many of 
the facts on which these views are based at a later period, and 
in connection with actual examples. In the meanwhile, it is 
sufficient to state, as a widely-accepted generalisation of palae- 
ontology, that there has been in the past a general progression 
of organic types, and that the appearance of the lower forms 
of life has in the main preceded that of the higher forms in 
point of time. 
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HISTORICAL PALEONTOLOGY. 



CHAPTER VII. 



THE LAURENTIAN AND HURONIAN PERIODS. 



E Laurentiaii Rocks coDstitute the base of the entire strati- 
lied series, and are, therefore, the oldest sediments of which 
L Be have as yet any knowledge. They are more largely and 
I iBore typically developed in North America, and especially in 
\ Canada, than in any known part of the world, and they derive 
i 4eir title from the range of hills which the old French geo- 
Ipaphere named the " Lauren tides." These hills are com- 
IpOBEd of Laurentian Rocks, and form the watershed between 
\ Ihe valley of the St Lawrence river on the one hand, and the 
I great plains which stretch northwards to Hudson Bay on the 
olher hand. The main area of these ancient deposits forms 
5 great belt of rugged and undulating country, which extends 
6om Labrador westwards to Lake Superior, and then bends 
Loorthwards towards the Arctic Sea. Throughout this extensive 
■Wea the Laurentian Rocks for the most part present themselves 
^% the form of low, rounded, ice-worn hills, which, if generally 
__ in actual sublimity, have a certain geological grandeur 
m the fact that they "have endured the battles and the storms 
I oflime longer than any other mountains " (Dawson). In some 
I pbces, however, the Laurentian Rocks produce scenery of the 
fcjnost magnificent character, as in the great gorge cut through 
Bifliem by the river Saguenay, where they rise at times into ver- 
l&al precipices 1500 feet in height. In the famous group of 
l&e Adirondack mountains, also, in the slate of New York, 
l&ey form elevations no less than 6000 feet above the level of 
As a general rule, the character of the Laurentian 
Ijpon ia that of a rugged, rocky, rolling country, often densely 
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timbered, but rarely well fitted for agriculture, and chiefly 
attractive to the hunter and the miner. 

As regards its mineral characters, the Laurentian series is 
composed throughout of metamorphic and highly crystalline 
rocks, which are in a high degree crumpled, folded, and 
faulted. By the late Sir William Logan the entire series was 
divided into two great groups, the Lower Laurentian and the 
Upper Laurentian, of which the latter rests unconformably 
upon the truncated edges of the former, and is in turn uncon- 
formably overlaid bv strata of Huronian and Cambrian age 
(fig- 20). 

1\itLoTiierLaureniian series attains the enormous thickness of 
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over 2 0,00 a feet, and is composed mainly of great beds of gtieiss, 
altered sandstones (quartzites), mica-schist, homblende-schis^ 
magnetic iron-ore, and haematite, together with masses of lime- 
stone. The limestones are especially interesting, and have an 
extraordinary development — three principal beds being knovm, 
of which one is not less than 1500 feet thick ; the collective 
thickness of the whole being about 3500 feet 

The Upper Laurentian series, as before said, reposes uncon- 
formably upon the Lower Laurentian, and attains a thickness 
of at least 10,000 feet. Like the preceding, it is wholly meta- 
morphic, and is composed partly of masses of gneiss and quarti- 
ite ; but it is especially distinguished by the possession of great 
beds of felspathic rock, consisting principally of " labrador 
felspar." 

Though typically developed in the great Canadian area 
already spoken of, the Laurentian Rocks occur in other locali- 
ties, both in America and in the Old World. In Britain, the 
so-called " fundamental gneiss " of the Hebrides and of Suthcr- 
landshire is probably of Lower Laurentian age, and the " hy- 
persthene rocks " of the Isle of Skye may, with great prober 
bility, be regarded as referable to the Upper Laurentian. In 
other localities in Great Britain (as in St David's, South 
Wales ; the Malvern Hills ; and the North of Ireland) occur 
ancient metamorphic deposits which also are probably refer- 
able to the Laurentian series. The so-called " primitive gn( ' " 
ly appears to belong to the Laurentian, and 
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Btpf^i^nt metamorphic rocks of Bohemia and Bavaria may be 
K^jarded as being approximately of the same age. 
■ By some geological writers the ancient and highly meta- 
toiorphosed sediments of the I^urentian and the succeeding 
^luronian series have been spoken of as the "Azoic rocks" 
(Gr. a, without ; zoe, life) ; but even if we were wholly destitute 
ofanyevidenceof life during these periods, this name would be 
objectionable upon theoretical grounds. If a general name be 
needed, that of "Eozoic" (Gr. eos, dawn; zoe, life), proposed 
by Principal Dawson, is the most appropriate. Owing to their 
metaraorphic condition, geologists long despaired of ever de- 
tecting any traces of life in the vast pile of strata which con- 
stitute the Laurentian System. Even before any direct traces 
were discovered, it was, however, pointed out that there were 
good reasons for believing that the Latirentian seas had been 
tenanted by an abundance of living beings. These reasons 
are briefly as follows ;- — (i) Firstly, the Laurentian series con- 
sists, beyond question, of marine sediments wiiich originally 
differed in no essential respect from those which were subse- 
quenlly laid down in the Cambrian or Silurian periods, (a) 
In all formations later than the Laurentian, any limestones 
which are present can be shown, with few exceptions, to be 
organic rocks, and to be more or less largely made up of the 
comminuted debris of marine or freshwater animals. The 
I>aurentian limestones, in consequence of the melamorphism 
to which they have been subjected, are so highly crystalUne 
(fig. 2i) that the microscope fails to detect any organic struc- 
ture in the rock, and no fos- 
sils beyond thoae which will 
be spoken of immediately h^\e 
as yet been discovered m 
them. We know however, of 
numerous cases in which lime 
stones, of later age, and un 
doubtedly org^nn. to begin 
with, have been rendered so 
intensely crystalline by meta 
morphic action that ill traces 
of organic structure have been 
obliterated. We have there 
for^ by analogy, the strongest Fig » 
I possible ground for believing fi,""""^ 
'lat the vast beds of I auren trysuii b 
1 limestone have been on "'^'gra 
finally organic in their origm, 
tnd primitively composed, in the main. 
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tons of marine animals. It would, in fact, be a matte 
great difficulty to account for the formation of these great cal- 
careous masses on any other liypothesis. (3) The occurrence of 
phosphate of lime in the Laurentian Kocks in great abundance, 
and sometimes in the form of irregular beds, may very possibly 
be connected with the former existence in the strata of the re- 
mains of marine animals of whose skeleton this mineral is a con- 
stituent (4) The Laurentian Rocks contain a vast amount of 
carbon in the form of black-lead or graphite. This mineral is 
especially abundant in the limestones, occurring in regular beds, 
in veins or strings, or disseminated through the body of the lime- 
stone in the shape of crystals, scales, or irregular masses. Tile 
amount of graphite in some parts of the Lower Laurentian is 
so great that it has been calculated as equal to the quantity of I 
carbon present in an equal thickness of the Coal-measures. I 
Tlie general source of solid carbon in the crust of the earth | 
is, however, plant-life ; and it seems impossible to account for 
the laurentian graphite, except upon the supposition that it ' 
is metamorphosed vegetable matter. (5) Lastly, the great 1 
beds of iron-ore (peroxide and magnetic oxide) which occur 
in the I.aurentian series interstratified with the other rocks, 
point with great probability to the action of vegetable life; 
since similar deposits in later formations can commonly be i 
shown to have been formed by the deoxidising power of vege- 
table matter in a state of decay. 

In the words of Principal Dawson, "any one of these rea- 
sons might, in itself, be held insufficient to prove so great and) 
at first sight, unlikely a conclusion as that of the existence of 
abundant animal and vegetable life in the Laurentian ; but the 
concurrence of the whole in a series of deposits unquestion- 
ably marine, forms a chain of evidence so powerful that it 
might command belief even if no fragment of any organic M 
living form or structure had ever been recognised in these an* 
cient rocks." Of late years, however, there have been dis- 
covered in the Laurentian Rocks certain bodies which art 
believed to be truly the remains of animals, and of which by 
far the most important is the structure known under the no« 
celebrated name of Eozom. If truly oi^'anic, a very speciid 
and exceptional interest attaches itself to Eozom, as being tht 
most ancient fossil animal of which we have any knowledge! 
but there are some who regard it really a peculiar form 9 
mineral structure, and a severe, protracted, and still unfinishtl 
controversy has been carried on as to its nature. Into ihr 
controversy it is wholly unnecessary to enter here ; and it "S 
be sufficient to briefly explain the structure of Eotoon, as d 
dated by the elaborate and masterly investigations c~ 
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penter and Dawson, from the standpoint that it is a genuine 
organism — the balance of evidence up to this moment inclin- 
ing decisively to this view. 

The structure known as Eozoon is found in various localities 
in the Lower Laurenlian limestones of Canada, in the form of 
isolated masses or spreading layers, which are composed of 
thin alternating laminie, arranged more or less concentrically 
(fig. 23). The laminie of these masses are usually of different 




colours and composition ; one series being white, and com- 
posed of carbonate of lime — whilst the laminie of the second 
series alternate with the preceding, are green in colour, and 
are found by chemical analysis to consist of some silicate, 
generally serpentine or the closely-reiated "loganile." In 
some instances, however, all the lamina: are calcareous, the 
concentric arrangement still remaining visible in consequence 
of the fact that the laminse are composed alternately of lighter 
and darker coloured .limestone. 

When first discovered, the masses of EozoSii were supposed 
to be of a mineral nature ; but tiieir striking general resem- 
blance to the undoubted fossils which will be subsequently 
spoken of under the name of Siromalopora was recognised by 
Sir William Logan, and specimens were submitted for minute 
examination, first to Prmcipal Dawson, and subsequently to 
Dr W, B. Carpenter. After a careful microscopic examina- 
I tion, these two distinguished observers came to the conclusion 
that Eosoon was truly organic, and in this opinion they were 
afterwards corroborated by other high authorities (Mr W. K. 
Parker, Profesor Rupert Jones, Mr H. B. Brady, Professor 
Giimbel, &c.) Stated briefly, the structure of Eozoon, as ex- 
. hibited by the microscope, is as follows :— 
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The concentrically-laminated mass of £esoSn is composed 
of numerous calcareous layers, representing the original skele- 
ton of the organism (fig. 23, b). These calcareous layers serve 
to separate and de- 

T "- ' - WW. - m. — .,„-n.-j-™.~.^, fine a series of cham- 

I bers arranged in suc- 

cessive tiers, one 
above the other (fig. 
' 23, A, B, C) ; and 

they are perforated 
" not only by passages 

/ !, (fig- 23. f). which 

" "■ cessive tiersof cham- 

^ bers in communica- 

^ ^ " tion, but also by a 

i Y ,. ^'M . y . 'f . J . . .' '..■ ' ■ ■■ - ^ system of delicate 

Fs sj. D umm of > portion of £ i^n ca verti- branchlngcanals(fig. 

caUv A B dTriireebeniDfdhambmcommuncfliing - j\ Moreover 
«nfi oTKMoihn by slightly consmtied ope ure* a a, *3. " )■ moreover, 

The ifue iheii wall pirfoiaMd by nuincrous dc caic the central and pnn- 
a^skoili^TTrpl^S^™— ni^tiU'r^^^^ cipal portion of each 

pMaagt")frO|noDetiuDrchajnbtrstoanother;rf, Rami- calcareOUS layer, with 
fying tub« in lh= Blcareain sfceleUm. {After Car- ^, -c j i 

pcmer.) the rammed canal- 

system just spoken 
of, is bounded both above and below by a thin lamina which has 
a structure of its own, and which maybe regarded as the propa 
shell-wall (fig. 23, a a). This proper wall forms the actual lin- 
ing of the chambers, as well as the outer surface of the whole 
mass ; and it is perforated with numerous fine vertical tubes 
(fig, 24, a a), opening into the chambers and on to the sur- 
face by corresponding fine potes. From the resemblance of 
this tubulated layer to similar structures in the shell of the 
Nummulite, it is often spoken of as the " Nummuline layer." 
The chambers are sometimes piled up one above the other in 
an irregular manner; but they are more commonly arranged 
in regular tiers, the separate chambers being marked off from 
one another by projections of the wall in the form of parti- 
tions, which are so far imperfect as to allow of a free communi- 
cation between contiguous chambers. In the original condi- 
tion of the organism, all these chambers, of course, must have 
been filled with living matter; but they are found in the present 
state of the fossil to be generally filled with some silicate, such 
as serpentine, which not only fills the actual chambers, but has 
also penetrated the minute tubes of the proper wall and the 
branching canals of the intermediate skeleton. In some casei.. 
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ffie chambers are simply filled with crystalline carbonate of 
When the originally porous fossil has been permeated 
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by a silicate, it is possible to dissolve away the whole of the 
calcareous skeleton by means of acids, leaving an accurate and 
beautiful cast of the chambers and the tubes connected with 
them in the insoluble silicate. 

The above are the actual appearances presented by EozoSn 

when examined microscopically, and it remains to see how 

far they enable us to decide upon its true position in the 

animal kingdom. Those who wish to study this interesting 

subject in detail must consult the admirable memoirs by Dr 

W. B. Carpenter and Principal Dawson : it ivill be enough 

here to indicate the results which have been arrived at. The 

only animals at the present day which possess a continuous 

calcareous skeleton, perforated by pores and penetrated by 

1 canals, are certain organisms belonging to the group of the 

^^oraminifera. We have had occasion before to speak of these 

iniinab, and as they are not conspicuous or commonly-known 

iWrms of life, it may be well to say a few words as to the 

I Btnicture of the living representatives of tlie group. The 

I Furaminifera are all inhabitants of the sea, and are mostly of 

\ small or even microscopic dimensions. Their bodies are com- 
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posed of an apparently structureless animal substance of an 
albuminous nature ("sarcode"), of a gelatinous consistence, 
transparent, and exhibiting numerous minute granules or 
rounded particles. The body- substance cannot be said in 
itself to possess any definite form, except in so far as it may 
be bounded by a shell ; but it has the power, wherever it may 
be exposed, of emitting long thread-hke filaments ("pseudo- 
podia "), which interlace with one another to form a network 
(fig. 25, d). These filaments can be thrown out at will, and 




to considerable distances, and can be again retracted into the 
soft mass of the general body- substance, and they are the 
agents by which the animal obtains its food. The soft bodies 
of the Foraminifera are protected by a shell, which is usually 
calcareous, but may be composed of sand-grains cemeoted- 
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Bgether j and it may consist of a single chamber (fig. 36, a), 
n of many chambers arranged in different ways (fig. 26, /'/). 
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MKAmvualnia. iFEg. a is aXicr 
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■Sometimes the shell has but one large opening into it — the 
'Biouth ; and then it is from this aperture that the animal pro- 
Oiides the delicate net of filaments with whicli it seeks its 
food. In other cases the entire shell is perforated with 
minute pores (fig. 26, e), through which the soft body-substance 
sains the exterior, covering the whole shell with a gelatinous 
Im of animal matter, from which filaments can be emitted at 
any point When the shell consists of many chambers, all of 
Biese are placed in direct communication with one another, 
^d the actual substance of the shell is often traversed by 
linute canals filled with living matter (e.g., in Calcariria and 
tummuiiria). The shell, therefore, may be regarded, in such 
Bses, asainore or less completely porous calcareous si 
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filled to its minutest internal recesses with the suhstance of the 
living animal, and covered externally with a layer of the same 
substance, giving off a network of interlacing filaments. 

Such, in brief, is the structure of the living Foraminifera ; 
and it is beUeved that in Eozoon we have an e.\tinct example 
of the same group, not only of special interest from its imme- 
morial antiquity, but hardly less striking from its gigantic 
dimensions. In its original condition, the entire chamber- 
system of Eozoon is believed to have been filled with soft 
structureless living matter, which passed from chamber to 
chamber through the wide apertures connecting these cavities, 
and from tier to tier by means of the tubuh in the shell-wall and 
the branching canals in the intermediate skeleton. Through 
the perforated shell-wall covering the outer surface the soft 
body-substance flowed out, forming a gelatinous investment, 
from every point of wliich radiated an interlacing net of deli- 
cate filaments, providing nourishment for the entire colony. 
In its present state, as before said, all tlie cavities originally 
occupied by the body-substance have been filled with some 
mineral substance, generally with one of the silicates of mag- 
nesiaj and it has been asserted that this fact mihtates strongly 
against the organic nature of Eozoon, if not absolutely dis- 
proving it. As a matter of fact, however — as previously no- 
ticed — it is by no means very uncommon at the present day 
to find the shells of living species oi Eoraminifora in which 
all the cavities primitively occupied by the body- substance, 
down to the minutest pores and canals, have been similarly 
injected by some analogous silicate, such as glauconite. 

Those, then, whose opinions on such a subject deservedly 
carry the greatest weight, are decisively of opinion that we are 
presented in the Eozoon of the Laurentian Rocks of Canada 
with an ancient, colossal, and in some respects abnormal type 
of the Foraminifera. In the words of Dr Carpenter, it is not 
pretended that "the doctrine of the Foraminiferal nature of 
Eozoon can be proved in the demonstrative sense;" but it 
maybe affirmed " that the convergence of a number of separate 
and independent probabiliiies, all accordant with that hypothesis, 
while a separate explanation must be invented for each of 
them on any other hypothesis, gives it that high probability 
on which we rest in the ordinary affairs of life, in the verdicts 
of juries, and in the interpretation of geological phenomena 
generally." 

It only remains to be added, that whilst EosoSa is by far 
the most important organic body hitherto found in the Lauren- 
tian, and has been here treated at proportionate length, other 
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Kcaces of life have beea detected, which may subsequently 
Rnt>ve of great interest and importance. Thus, Principal 
H)awson has recently described under the name of Archao- 
m^Aairirus certain singular rounded bodies which he has dis- 
ftpovered in the Laurentian limestones, and which he believes 
Ko be casts of the shells of Foraminif(ra possibly somewhat 
nllied to the existing Globigerinss. The same eminent palseon- 
rU>logist has also described undoubted worm -burrows from 
rocks probably of Laurentian age. Further and more extend- 
ed researches, we may reasonably hope, will probably bring 
to light other actual remains of organisms in these ancient 
deposits. 

The Huronian Period. 

The so-called Huronian Rocks, like the Laurentian, have 
flieir typical development in Canada, and derive their name 
1 the fact that they occupy an extensive area on the borders 
F Lake Huron. They are wholly metamorphic, and consist 
cipally of altered sandstones or quartzites, siliceous, feis- 
lic, or talcose slates, conglomerates, and limestones. They 

; largely developed on the north shore of Lake Superior, 
md give rise to a broken and hilly country, very like that 
" occupied by the Laurentians, with an abundance of timber, 
but rarely with sufficient soil of good quality for agricultural 
purposes. They are, however, largely intersected by mineral 
veins, containing silver, gold, and other metals, and they will 
ultimately doubtless yield a rich harvest to the miner. The 
Huronian Rocks have been identified, with greater or less 
certainty, in other parts of North America, and also in the 
Old Worid. 

The total thickness of the Huronian Rocks in Canada is 
estimated as being not less than 18,000 feet, but there is con- 
siderable doubt as to their precise geological position. In 
their typical area they rest unconformably on the edges of 
strata of Zoa'CT- Laurentian age; but they have never been seen 
in direct contact with the Upper Laurentian, and their exact 
relations to this series are therefore doubtful. It is thus open 
10 question whetlier the Huronian Rocks constitute a distinct 
formation, to be intercalated in point of time between the 
Laurentian and the Cambrian groups ; or whether, rather, they 
should not be considered as the metamorphosed representa- 
tives of the Lower Cambrian Rocks of other regions. 

As regards the fossils of the Huronian Rocks, little can be 
said. Some of the specimens oi £ozo6n Catiadatsey/hicti have 
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filled to its minutest internal recesses with the substance of the 
living animal, and covered externally with a layer of the same 
substance, giving off a network of interlacing filaments. 

Such, in brief, is the structure of the living Foraminifera ; 
and it is believed that in Eozoon we have an extinct example 
of the same group, not only of special interest from its imme- 
morial antiquity, but hardly less striking from its gigantic 
dimensions. In its original condition, the entire chamber- 
system of Eozoon is believed to have been filled with soft 
structureless living matter, wliich passed from chamber to 
chamber through the wide apertures connecting these cavities, 
and from tier to tier by means of the tubuli in the shell-wall and 
the branching canals in the intermediate skeleton. Through 
the perforated shell-wall covering the outer surface the soft 
body-substance flowed out, forming a gelatinous investment, 
from every point of which radiated an interlacing net of deli- 
cate filaments, providing nourishment for the entire colony. 
In its present state, as before said, all the cavities originally 
occupied by the body-substance have been filled with some 
mineral substance, generally with one of the silicates of mag- 
nesia ; and it has been asserted that this fact militates strongly 
against the organic nature of Eozoon, if not absolutely dis- 
proving it. As a matter of fact, however— as previously no- 
ticed — it is by no means very uncommon at the present day 
to find the shells of living species of Foraminifera in which 
all the cavities primitively occupied by the body-substance, 
down to the minutest pores and canals, have been similarly 
injected by some analogous silicate, such as glauconite. 

Those, then, whose opinions on such a subject deservedly 
carry the greatest weight, are decisively of opinion that we arc 
presented in the Eozoon of the Laurentian Rocks of Canada 
with an ancient, colossal, and in some respects abnormal type 
of the Foraminifera. In the words of Dr Carpenter, it is not 
pretended that " the doctrine of the Foraminiferal nature of 
Eozoon can be proved in the demonstrative sense;" but it 
may be affirmed " that the com'ergetice of a number of separate 
and independmt probabilities, all accordant with that hypothesis, 
while a separate explanation must be invented for each of 
them on any other hypothesis, gives it that high proheibility 
on which we rest in the ordinary affairs of life, in the verdicts 
of juries, and in the interpretation of geological phenomena 
generally." 

It only remains to be added, that whilst Eozoon is by fiir 
the most important organic bodyhiliierto found in the Lauren- 
tian, and has been here treated at proporrionate length, other 
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|;iraces of life have been detected, which may subsequently 
prove of great interest and importance. I'hus, Principal 
Dawson has recently described under the name of Archao- 
spharinte certain singular rounded bodies which he has dis- 
covered in the Laurentian limestones, and wliich he believes 
to be casts of the shells of Foramiuifcra possibly somewhat 
allied to the existing Globigerina. The same eminent palfeon- 
tologist has also described undoubted worm - burrows from 
rocks probably of Laurentian age. Further and more extend- 
ed researches, we may reasonably hope, will probably bring 
to light other actual remains of organisms in these ancient 
deposits. 

The Huronian Period. 

The so-called Huronian Rocks, like the Laurentian, have 
their typical development in Canada, and derive their name 
from the fact that they occupy an extensive area on the borders 
of Lake Huron. They are wholly metamorphic, and consist 
principally of altered sandstones or quartzites, siliceous, fels- 
pathic, or talcose slates, conglomerates, and limestones. They 
are largely developed on the north sliore of Lake Superior, 
and give rise to a broken and hilly country, very like that 
occupied by the Laureniians, with an abundance of timber, 
but rarely with sufficient soil of good quality for agricultural 
purposes. They are, however, largely intereected by mineral 
veins, containing silver, gold, and other metals, and they will 
ultimately doubtless yield a rich harvest to the miner. The 
Huronian Rocks have been identified, with greater or less 
certainty, in other parts of North America, and also in the 
Old World. 

The total thickness of the Huronian Rocks in Canada is 
estimated as being not less than 18,000 feet, but there is con- 
siderable doubt as to their precise geological position. In 
their typical area they rest unconformably on the edges of 
strata of ZtfTfirr- Laurentian age; but they have never been seen 
in direct contact with the Upper Laurentian, and their exact 
relations to this series are therefore doubtful. It is thus open 
to question whether the Huronian Rocks constitute a distinct 
formation, to be intercalated in point of time between the 
Laurentian and the Cambrian groups ; or whether, rather, they 
should not be considered as the metamorphosed representa- 
tives of the Lower Cambrian Rocks of other regions. 

As regards the fossils of the Huronian Rocks, little can be 
said. Some of the specimens oi Eozoon Canai/ense vhich have 
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filled to its minutest internal recesses with the substance of the 
living animal, and covered externally with a layer of the same 
substance, giving off a network of interlacing filaments. 

Such, in brief, is the structure of the living Foraminifera ; 
and it is believed that in Eozoon we have an extinct example 
of the same group, not only of special interest from its imme- 
morial antiquity, but hardly less striking from its gigantic 
dimensions. In its original condition, the entire chamber- 
system of Eozoon is believed to have been filled with soft 
structureless living matter, which passed from chamber to 
chamber through the wide apertures connecting these cavities, 
and from tier to tier by means of the tubuli in the shell-wall and 
the branching canals in the intermediate skeleton. Through 
the perforated shell-wall covering the outer surface the soft 
body-substance flowed out, forming a gelatinous investment, 
from every point of which radiated an interlacing net of deli- 
cate filaments, providing nourishment for the entire colony. 
In its present state, as before said, all the cavities originally 
occupied by the body-substance have been filled with some 
mineral substance, generally with one of the silicates of mag- 
nesia ; and it has been asserted that this fact militates strongly 
against the organic nature of Eozoon^ if not absolutely dis- 
proving it. As a matter of fact, however — as previously no- 
ticed — it is by no means very uncommon at the present day 
to find the shells of living species of Foraminifira in whidi 
all the cavities primitively occupied by the body-substance, 
down to the minutest pores and canals, have been similarly 
injected by some analogous silicate, such as glauconite. | 

Those, then, whose opinions on such a subject deservedly 
carry the greatest weight, are decisively of opinion that we are 
presented in the Eozoon of the Laurentian Rocks of Canada 
with an ancient, colossal, and in some respects abnormal type 
of the Foraminifera. In the words of Dr Carpenter, it is not 
pretended that " the doctrine of the Foraminiferal nature of 
Eozoi^n can be proved in the demonstrative sense ; " but it 
maybe affirmed "that the convergence of a number of separate 
and independe?it probabilities, all accordant with that hypothesis, 
while a separate explanation must be invented for each of I 
them on any other hypothesis, gives it that high probability 
on which we rest in the ordinary affairs of life, in the verdicts 
of juries, and in the interpretation of geological phenomena 
generally." 

It only remains to be added, that whilst FozoSn is by far 
the most important organic body hitherto found in the Lauren- 
tian, and has been here treated at proportionate length, other 
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[traces of life have been detected, which may subsequently 
prove of great interest and importance. Thus, Principal 
Dawson has recently described under the name of Archao- 
sphariniz certain singular rounded bodies which he has dis- 
covered in the Laurentian limestones, and wliich he believes 
Lto be casts of the shells of Foraminifera possibly somewhat 
■allied to the existing GMigerina. The same eminent pateon- 
T'tologlst has a!so described undoubted worm -burrows from 
' rocks probably of Laurentian age. Further and more extend- 
ed researches, we may reasonably hope, will probably bring 
to light other actual remains of organisms in these ancient 
deposits. 

The Huronian Period. 

The so-called Huronian XeiAs, like the Laurentian, have 
their typical development in Canada, and derive their name 
from the fact that they occupy an extensive area on the borders 
of Lake Huron. They are wholly metamorphic, and consist 
principally of altered sandstones or quartzites, siliceous, fels- 
pathic, or talcose slates, conglomerates, and limestones. They 
are largely developed on the north shore of Lake Superior, 
and give rise to a broken and hilly country, very like that 
occupied by the Laurentians, with an abundance of timber, 
but rarely with sufficient soil of good quality for agricultural 
purposes. They are, however, largely intersected by mineral 
veins, containing silver, gold, and other metals, and they will 
ultimately doubtless yield a rich harvest to the miner. The 
Huronian Rocks have been identified, with greater or less 
certainty, in other parts of North America, and also in the 
Old World. 

The total thickness of the Huronian Rocks in Canada is 
estimated as being not less than 18,000 feet, but there is con- 
siderable doubt as to their precise geological position. In 
their typical area they rest unconformably on the edges of 
strata ofZf'wtr Laurentian age; but they have never been seen 
in direct contact with the Upper Laurentian, and their exact 
relations to this series are therefore doubtful. It is thus open 
to question whether the Huronian Rocks constitute a distinct 
formation, to be intercalated in point of time between the 
Laurentian and the Cambrian groups ; or whether, rather, they 
should not be considered as the metamorphosed representa- 
dves of the Lower Cambrian Rocks of other regions. 

As r^ards the fossils of the Huronian Rocks, little can be 
said. Some of the specimens oi Eozoon Canadense v/hv:\i have 
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been discovered in Canada are thought to come from rocks 
which are probably of Huronian age. In Bavaria, Dr Giitnbel 
has described a species oi EosoSn under the name of Eosoon 
Bavarkim, from certain metamorphic limestones which he 
refers to the Huronian formation. Lastly, the late Mr Billings 
described, from rocks in Newfoundland apparently referable to 
the Huronian, certain problematical limpet-shaped fossils, to 
which he gave the name of Aspiddla. 

Literature. 
Amongst the works and memoirs which the student may consult with, 
r^ard to the Laurentiati and Huronian deposits may be mentioned the 
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(1) ' Report of Progress of the Geological Survey of Canada from its 

Commencement to 1863,' pp. 38-49, and pp. 50-66. 

(2) 'Manual of Geoliwy.' Dana, zd Ed. 1S75. 

(3) 'TheDawnofLife.' J. W. Dawson. 1876. 

(4) "On the Occurrence of Organic Remains in the Laurentian Rocks 

of Canada." Sir W. E. Logan. ' Quart. Joucn. Geol. Soc.,' 
xxi. 45-50. 

(5) " On the Structure of Certain Organic Remains in the Laurentian 

Limestones of Canada." J. W. Dawson. ' Quart. Joum. Gcol. 
Soc.,' xxi. 51-59. 

(6) " AdditionaJ Note on (be Structure and Affinities of Eoioijo Cana- 

dense." W. B. Carpenter. 'Quart. Joum. Ceol. Soc,' iri- 
59-66. 

(7) " Supplemental Notes on the Slruclure and Affinities of Eoiobn 
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The above list only includes some of the more important memoirs wbicb 
may be consulted as to the geological and chemical features of the lauren- 
tian and Huronian Rocks, and as to the true nature of Eoioch. Those 
who are desirous of studying the later phases of the controversy with re- 
gard to Eqiooh must consult the papers of Carpenter, Carter, Dawson, 
King&Rowney, Hahn, and others, in the 'Quart. Joum. of the Geological 
Society,' the 'Proceedings of the Royal Irish Academy,' the 'Annals of Nat- 
ural History,' the 'Geological Magazine,' &c. Dr Carpenter's ' Introduc- 
tion to the Study of the Foraminifera ' should also be consulted. 



* In this and in all subsequently following bibliographical lists, not only 
is the selection of works and memoirs quoted necessarily extremely limited ; 
but only such have, asagenetal rule, been chosen for mention as are easily 
accessible to students who are in the position of being able to refer to a 
good library. Exceptions, however, are occasionally made to this rule, 
in lavour of memoirs or works of special historical interest. It is also un- 
necessary to add that it has not been thought requisite to insert in these 
lists the well-known handbooks of geological and palaiontnlogical science, 
Except in such instances as where they contain special information on' 
special points. 
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CHAPTER VIII. 

THE CAMBRIAN PERIOD. 

The traces of life in the Laurentian period, as we have seen, 
are but scanty ; but the Cambrian Rocks — so called from their 
occurrence in North Wales and its borders ("Cambria") — have 
yielded numerous remains of animals and some dubious plants. 
The Cambrian deposits have thus a special interest as being 
the oldest rocks in which occur any number of well-preserved 
and unquestionable organisms. We have here the remains of 
the first fauna, or assemblage of animals, of which we have at 
present knowledge. As regards their geographical distribu- 
tion, the Cambrian Rocks have been recognised in many parts 
of the world, but there is some question as to the precise limits 
of the formation, and we may consider tliat their most typical 
area is in South Wales, where they have been carefully worked 
out, chiefly by Dr Henry Hicks. In this region, in the neigh- 
bourhood of the promontory of St David's, the Cambrian Rocks 
are largely developed, resting upon an ancient ridge of Pre- 
Cambrian (Laurentian ?) strata, and overlaid by the lowest 
beds of the Lower Silurian. The subjoined sketcli-section 
(Sg. 27) exhibits in a general manner the succession of strata 



in this locality. 

From this section 
Rocks in Wales are divided ii 



n that the Cambrian 
n the first place into a lower and 
an upper group. The Louver Cambrian is constituted at the 
base by a great series of grits, sandstones, conglomerates, and 
slates, which are known as the " Longmynd group," from their 
vast development in the Longmynd Hills in Shropshire, and 
which attain in North Wales a thickness of 8000 feet or more. 
The Longmynd beds are succeeded by the so-called " Mene- 
vian group," a series of sandstones, Sags, and grits, about 600 
feet in thickness, and containing a considerable number of 
fossils. The Upptr Cambrian series consists in its lower por- 
tion of nearly 5000 feet of strata, principally shaly and slaty, 
which are known as the " Lingula Flags," from the great 
abundance in them of a shell referable to the genus Lingiiia, 
These are followed by 1000 feet of dark shales and flaggy 
sandstones, which are known as the " Tremadoc slates," from 
their occurrence near Tremadoc in North Wales ; and these 
in turn are surmounted, apparently quite conformably, by the 
basement beds of the Lower Silurian. 
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Generalised Section of the Cambrian Rocks in Wales. 




The above may be regarded as giving a typical series of the 
Cambrian Rocks in a typical locality ; but strata of Cambrian 
age are known in many oiher regions, of which it is only 
possible here to allude to a few of the most important. In 
Scandinavia occurs a well -developed series of Cambrian de- 
posits, representing both the lower and upper parts of the ( 
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formarion. In Bohemia, the Upper Cambrian, in particular, 
is largely developed, and constitutes the so-called " Primordial 
zone" of Barrande, Lastly, in North America, whilst the 
Lower Cambrian is only imperfectly developed, or is repre- 
sented by the Huronian, the Upper Cambrian formation has 
a wide extension, containing fossils similar in character to the 
analogous strata in Europe, and known as the " Potsdam Sand- 
stone," The subjoined table shows the chief areas where Cam- 
» ^rian Rocks are developed, and their general equivalency : 

w- ^ 



Tabuiak View of the Caubrian Formatic 



BritaiH. 

I. Tiemadoc Slateii. 



i. Lingula Flogs. 



. Longniynd Beds. 
, I.Ianberis Slates. 



Primordial n 



b. Paradox ides 
Schists, Olenus 
Schists, and Dict- 
joncma schists ol 
Sweden. 



a. Fucoidal Sand- 
stone of Sweden. 

b. Eophyton Sand- 



fl. Potsdam 
Sandstone. 

eroup of Net 
Brunswick. 



Sotherlandshire ? 
/ Mcnevian Beds. 

Like ail the older Paleozoic deposits, the Cambrian Rocks, 
Jgh by no means necessarily what would be called actually 
aietam Orphic," have been highly cleaved, and otherwise 
Itered from their original condition. Owing partly to their 
Bdurated state, and partly to their great antiquity, they are 
Isually found in the heart of mountainous districts, which have 
undergone great distmbance, and. have been subjected to an 
enormous amount of denudation. In some cases, as in the 
Longmynd Hills in Shropshire, they form low rounded eleva- 
tions, lai^ely covered by pasture, and with few or no elements 
of subHmity. In other cases, however, they rise into bold and 
mgged mountains, girded by precipitous cliffs. Industrially, 
the Cambrian Rocks are of interest, if only for the reason that 
the celebrated Welsh slates of Llanberis are derived from 
highly-cleaved beds of this age. Taken as a whole, the Cam- 
brian formation is essentially composed of arenaceous and 
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muddy sediments, the latter being sometimes red, but more 
commonly nearly black in colour. It has often been supposed 
that the Cambrians are a deep-sea deposit, and that we may 
thus account for the few fossils contained in them ; but the 
paucity of fossils is to a large extent imaginary, and some of 
the Lower Cambrian beds of the Longmynd Hills would a|>- 
pear to have been laid down in shallow water, as they exhibit 
raia-prints, sun-cracks, and ripple-marks — incontrovertible evi- 
dence of their having been a shore-deposit. The occurrence 
of innumerable worm-tracks and burrows in many Cambrian 
strata is also a proof of shallow-water conditions ; and Che gen- 
eral absence of limestones, coupled with the coarse mechani- 
cal nature of many of the sediments of the Lower Cambrian, 
may be taken as pointing in the same direction, 

The life of the Cambrian, though not so rich as in the suc- 
ceeding Silurian period, nevertheless consists of representa- 
tives of most of the great classes of invertebrate animals. The 
coarse sandy deposits of the formation, which abound more 
particularly towards its lower part, naturally are to a large 
extent barren of fossils ; but the muddy sediments, when not 
too highly cleaved, and especially towards the summit of the 
group, are replete with oi^anic remains. This is also the case, in 
many localities at any rate, with the finer beds of the Potsdam 
Sandstone in America. Limestones are known to occur in 
only a few areas (chiefly in America), and this may account for 
the apparent total absence of corals. It is, however, interest- 
ing to note that, with this exception, almost all the other lead- 
ing groups of Invertebrates are known to have come into 
existence during the Cambrian period. 

Of the land - surfaces of the Cambrian period we knov 
nothing; and there is, therefore, nothing surprising in the fact 
that our acquaintance with the Cambrian vegetation is confined 
to some marine plants or sea- weeds, often of a very obscure and 
problematical nature. The " Fucoidal Sandstone" of Sweden, 
and the " Potsdam Sandstone " of North America, have both 
yielded numerous remains which have been regarded as mark- 
ings left by sea-weeds or "Fucoids;" but these are highly enig' 
matica! in their characters, and would, in many instances, seon 
to be rather referable to the tracks and burrows of marine 
worms. The first- mentioned of these formations has also 
yielded the curious, furrowed and striated stems which have 
been described as a kind of land-plant under the name of 
Eophylon (^fig. 28), It cannot be said, however, that the vege- 
table origm of these singular bodies has been satisfactorily 
proved. Lastly, there are found in certain green and pur^e-. 
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jeds of Lower Cambrian age at Bray Head, Wickloiv, Ireland, 
Bsome very remarkable fossils, which are well known under the 




nanieoi Old/tamia, but the true nature of which is very doubtful. 
The commonest form of Oldhamia (fig. 29) consists of a 
thread-like stem or axis, from which spring at regular intervals 
bundles of short filamentous branches in a fan-like manner. 
Iq the locality where it occurs, the fronds of Oldhamia are very 
abundant, and are spread over the surfaces of the strata in 
tangled layers. That it is organic is certain, and that it is a 
calcareous sea-weed is probable ; but it may possibly belong to 
Ihe sea-mosses (Polysoa), or to the sea-firs (Sertularians). 

Amongst the lower forms of animal life {Protozoa), we find 
Ihe Sponges represented by the curious bodies, composed of 
netted fibres, to which the name of Protospongia has been given 
(fig. 32, o) ; and the comparatively gigantic, conical, or cylin- 
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drical fossils termed Anheeocyathm by Mr Billings are certainly 
referable either to the Foratninifera or to the Sponges. The 
almost total absence of lime- 
stones in the formation may 
be regarded as a sufficient ex- 
planation of the fact that the 
Forammifera are not more 
largely and unequivocally re- 
presented; though the exist- 
ence of green sands in the 
Cambrian beds of Wisconsin 
and Tennessee may be taken 
as an indication that this class 
of animals was by no means 
wholly wanting. The same 
fact may explain the total ab- 
sence of corals, so far as at 
present known. 

The group of the Echinodtr- 
rnata (Sea-lilies, Sea-urchins, 
and their allies) is represented 
by a few forms, which are prin- 
cipally of interest as being the earliest-known examples of the 
class. It is also worthy of note that these precursors of a 
group which subsequently attains such geological importance, 
are referable to no less than three distinct orders — the Crinoida 
or Sea-lilies, represented by a species of Dendrocrinus ; the 
Cystideans by Protocystites ; and the Star-fishes by Paiasterina 
and some other forms. Only the last of these groups, how- 
ever, appears to occur in the Lower Cambrian. 

The Ringed-worms {Annelida), if rightly credited with all 
the remains usually referred to them, appear to have swarmed 
in the Cambrian seas. Being soft-bodied, we do not find the 
actual worms themselves in the fossil condition, but we hav^ 
nevertheless, abundant traces of their existence. In some 
cases we find vertical burrows of greater or less depth, often 
expanded towards their apertures, in which the worm must 
have actually lived (fig. 30), as various species do at the pre- 
sent day. In these cases, the tube must have been rendered 
more or less permanent by receiving a coating of mucus, or 
perhaps a genuine membranous secretion, from the body of 
the animal, and it may be found quite empty, or occupied by 
a cast of sand or mud. Of this nature are the burrows whidi 
have been described under the names of ScoUthus and ScoleOh 
derma, and probably the Histioderma of the Lower 
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and In other cases as 
Form seems o have ohab ed i 



, A olil (ht, 32, b), the 
double burro v shaped Hkc 




the letter U, and having two openings placed close together 
on the surface of the stratum. Thousands of these tuin- 
burrows occur in some of the strata of the Longmynd, and it 
is supposed that the worm used one opening to the burrow as 
an aperture of entrance, and the other as one of exit. In other 
cases, again, we find simply the meandering trails caused by 
the worm dragging its body over the surface of the mui 
Markings of this kind are commoner in the Silurian Rocks, 
and it is generally more or less doubtful whether they may 
not have been caused by other marine animals, such as shell- 
fish, whilst some of them have certainly nothing whatever to 
with the worms. Lastly, the Cambrian beds often show 
twining cylindrical bodies, commonly more or less matted 
together, and not confined to the surfaces of the strata, but 
passing through them. These have often been regarded as 
the remains of sea-weeds, but it is more probable that they 
represent casts of the underground burrows of worms of simi- 
lar habits to the common lob-worm {Arenicoia) of the present 

The Articalale animals are numerously represented in the 

' Cambrian deposits, but exclusively by the class of Crustaceans. 

tSorae of these are little double-shelled creatures, resembling 

ir living water-fleas (Ostracoda). A few are larger forms, and 

belong to the same group as the existing brine-shrimps and 

piity-shrimps {Phyllopoda). One of the most characteristic of 
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these is the Hymawcaris rerinUauda of the Lingula Flags 
32, d). By far the larger number of the Cambrian Crustacea 
belong, however, to the remarkable and wholly extinct group 
of the Trilobiies. These extraordinary animals must iiave 
literally swarmed in the seas of the later portion of this and 
the whole of the succeeding period ; and they survived in 
greatly diminished numbers till the earlier portion of the 
Carboniferous period. They died out, however, wholly before 
the close of the Palieozoic epoch, and we have no Crusta- 
ceans at the present day which can be considered as their 
direct representatives. They have, however, relationships of 
a more or less intimate character with the existing groups of 
the Phyllopods, the King-crabs {Limulus), and the Isopods 
("Slaters," Wood-lice, &c.) Indeed, one member of the last- 
mentioned order, namely, tie Serolis of the coasts of Patagonia, 
has been regarded as the nearest living ally of the Trilobites. 
Be this as it may, the Trilobites possessed a skeleton which, 
though capable of undergoing almost endless variations, was 
wonderfully constant in its pattern of structure, and we may 
briefly describe here the chief features of this. 

The upper surface of the body of a Trilobite was defended 
by a strong shell or " crust," partly homy and partly calcare- 
ous in its composition. This shell (fig, 31) generally exhibits 
a very distinct " trilobation " or division into three longitudinal 
lobes, one central and two lateraL It also exhibits a more 
important and more fundamental division into three transrerae 
piortions, which are so loosely connected with one another as 
very commonly to be found separate. The first and most 
anterior of these divisions is a shield or buckler which covers 
the head ; the second or middle portion is composed of mov- 
able rings covering the trunk (" thorax ") ; and the third is a. 
shield which covers the tail or " abdomen." The head-shield 
(fig. 37, e) is generally more or less semicircular in shape; and 
its central portion, covering the stomach of the animal, is usu- 
ally strongly elevated, and generally marked by lateral furrows. 
A little on each side of the head are placed the eyes, which 
are generally crescentic in shape, and resemble the eyes of 
insects and many existing Crustaceans in being "compound," 
or made up of numerous simple eyes aggregated together. 
So excellent is the state of preservation of many specimens of 
Trilobites, tliat the numerous individual lenses of the eyes 
have been uninjured, and as many as four hundred have been 
counted in each eye of some forms. The eyes may be sup- 
poned upon prominences, but they are never carried on mov- 
able stalks (as they are in the existing lobsters and crabs); 
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in some of the Cambrian Trilobiles, • 
(fig- jii ^)i the animal was blind. The lat 
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head-shield are usually separated from the central portion by 
a peculiar line of division (the so-called " facial suture ") on 
each side ; but this is also wanting in some of the Cambrian 
species. The backward angles of tlie head-shield, also, are 
often prolonged into spines, which sometimes reach a great 
length. Following the head-shield behind, we have a portion 
of the body which is composed of movable segments or "body- 
rings," and which is technically called the " thorax." Ordi- 
narily, this region is strongly trilobed, and each ring consists of 
a central convex portion, and of two flatter side-lobes. The 
number of body-rings in the thorax is very variable (from two 
to twenty-six), but is fi.ted for the adult forms of each group of 
the Trilobites. The young forms have much fewer rings than 
ths ftill^rown ones ; and it is curious to find that the Cam- 
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brian Trilobites veiy conunonly have either a great many rings 
(as in Paradoxides, fig. 31, a), or else very few (as in Agnosius, 
fig. 31,^). In some instances, the body-rings do not.seera to 
have been so constructed as to allow of much movement, but 
in other cases this region of the body is so flexible that the 
animal possessed the power of rolling itself up completely, like 
a hedgehog ; and many individuals have been permanently 
preserved as fossils in this defensive condition. Finally, the 
body of the Trilobite was completed by a tail-shield (techni- 
cally termed the "pygidium"), which varies much in size and 
form, and is composed of a greater or less number of rings, 
similar to those which form the thorax, but immovably amalga- 
mated with one another (fig. 31, h). 

The under surface of the body in the Trilobites appears to 
have been more or less entirely destitute of hard structures, 
with the exception of a well-developed upjier Hp, in the form 
of a plate attached to the inferior side of the head-shield m 
front. There is no reason to doubt that the animal possessed 
legsj but these structures seem to have resembled those of 
many living Crustaceans in being (juite soft and membranous. 
This, at any rate, seems to have been generally the case; 
though structures which have been regarded as legs have been 
detected on the under surface of one of the larger species of 
Trilobites. There is also, at present, no direct evidence that 
the Trilobites possessed the two pairs of jointed feelers ("an- 
tennfe") which are so characteristic of recent Crustaceans. 

The Trilobites vary much in size, and the Cambrian forma- 
tion presents examples of both the largest and the smallest 
members of the order. Some of the young forms maybe little 
bigger than a millet-seed, and some adult examples of the 
smaller species (such as Agnosius) may be only a few lines in 
length ; whilst such giants of the order as Parcuioxides and 
Asaphus may reach a length of from one to two feet. Judging 
from what we actually know as to the structure of the Trilo- 
bites, and also from analogous recent forms, it would seem that 
these ancient Crustaceans were mud-haunting creatures, deni- 
zens of shallow seas, and affecting the soft silt of the bottom 
rather than the clear water above. Whenever muddy sedi- 
ments are found in the Cambrian and Silurian formations, 
there we are tolerably sure to find Trilobites, though they are 
by no means absolutely wanting in limestones. They appear 
to have crawled about upon the sea-bottom, or burrowed in the 
yielding mud, with the soft under surface directed downwards; 
and it is probable that they really derived their nutriment from 
'the organic matter contained in the ooze amongst which they 
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lived. The vital organs seem to have occupied the central iobe 
of the skeleton, by which they were protected ; and a series of 
delicate leaf-like paddles, which probably served as respiratory 
organs, would appear to have been carried on the under surface 
of the thorax. That they had their enemies may be regarded 
as certain ; but we have no evidence that they were furnished 
with any offensive weapons, or, indeed, with any means of 
defence beyond their hard crust, and the power, possessed by 
so many of them, of rolling themselves into a bali. An addi- 
tional proof of the fact that they for the most part crawled 
along the sea-bottom is found in the occurrence of tracks and 
markings of various kinds, which can hardly be ascribed to 
any other creatures with any show of probability. That this 
is the true nature of some of the markings in question cannot 
be doubted at all ; and in other cases no explanation so pro- 
bable has yet been suggested. If, however, the tracks which 
have been described from the Potsdam Sandstone of North 
America under the name of Prolichnites are really due to the 
peregrinations of some Trilobite, they must have been pro- 
duced by one of the largest examples of the order. 

As already said, the Cambrian Rocks are very rich in the 
remains of Trilobites. In the lowest beds of the series (Long- 
mynd Rocks), representatives of some half-dozen genera have 
now been detected, including the dwarf ^^t/m/v« and the giant 
Paradoxides. In the higher beds, the number both of genera 
and species is largely increased ; and from the great compara- 
tive abundance of individuals, the Trilobites have every right 
to be considered as the most characteristic fossils of the Cam- 
brian period, — the more so as the Cambrian species belong to 
peculiar types, which, for the most part, died out before the 
commencement of the Silurian epoch. 

AH the remaining Cambrian fossils which demand any notice 
here are members of one or other division of the great class 
of the MoUusm, or " Shell-fish " property so called. In the 
Lower Cambrian Rocks the Lamp-shells {Brachiopodd) are the 
principal or sole representatives of the class, and appear chiefly 
in three interesting and important types — namely, LinguMla, 
Diseina, and Obolella. Of these the last (fig. 32, i) is highly 
characteristic of these ancient deposits ; whilst Diseina is one 
of those remarkable persistent types which, commencing at 
this early period, has continued to be represented by varying 
forms through all the intervening geological formations up to 
the present day. Linguldla (fig. 32, (■), again, is closely allied 
to the existing " Goose-bill " Lamp-shell I^Lingtda anatina), and 
llios presents us with another example of an extremely long- 
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lived type. The Lingitldla and their successors, the Lingulm, 
are singular in possessing a shell which is of a horny texture, 
and contains but a small proportion of calcareous matter. In 
the Upper Cambrian Rocks, the Linguklla become much more 
abundant, the broad satchel - shaped species known as L. 
J?avisii (ig. 32, e) being*so abundant that one of the great 
divisions of the Cambrian is termed the " Lingula Flags." 
Here, also, we meet for the first time with examples of the 
genus Orihis (fig. 32,/ k, I) z. characteristic Palseozoic type of 




Medistafsii Sohm 



wme ; *, Orlkii 'klctJi. Men? 
ila Flags. (Alter Salter. Hicks, . 



the Brachiopods, which is destined to undergo a vast extension 
in later ages. 

Of the higher groups of the MoUusca the record is as yet 
but scanty. In the Lower Cambrian, we have but the thin, 
fragile, dagger - shaped shells of the free -swimming oceanic 
Molluscs or " Winged-snails " (Fleropoda), of which the most 
characteristic is the genus Thdca (fig. ^2, g). In the Upper 
Cambrian, in addition to these, we have a few Univalves 
{Gasteropoda), and, thanks to the researches of Dr Hicks, 
quite a small assemblage of Bivalves {Lamellibraneiiiata), 
though these are mostly of no great dimensions (fig. 31, h). 
Of the chambered Cephalopoda (Cuttle-fishes and their allies). 
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we have but few traces, and these wholly confined to llie higher 
beds of the formation. We meet, however, \vith examples of 
the wonderful genus Ortheceras, with its 
straight, partitioned shell, which we shall 
find in an immense variety of forms in the 
Silurian rocks. Lastly, it is worthy of 
note that the lowest of ail the groups of 
the Mollusca — namely, that of tlie Sea- 
mats, Sea-mosses, and Lace-corals (Po/y- 
zea) — is only doubtfully known to have 
any representatives in the Cambrian, 
though undergoing a large and varied 
development in the Silurian deposits. 

An exception, however, may with much 
probabihty be made to this statement in f;^, ^j.—Fragmnii nf 
favour of the singular genus Dictymtema ni'if""^'' 'Bcinii,can- 
(fig. 33), which is highly characteristic of inj. iht homy branches 
the highest Cambrian beds (Tremadoc ^i^.b^^l^nd^wlihamw 
Slates). This curious fossil occurs in the of .«!Ls on each side. 
form of fan-like or funnel-shaped expan- <*^"E5n»i) 
sions, composed of slightly-diverging homy branches, which 
are united in a net-like manner by numerous delicate cross- 
bars, and exhibit a row of little cups or cells, in which the ani- 
mals were contained, on each side. Dutyonema has generall)- 
been referred to the GraploiUes : but it has a much greater 
affinity with the plant-like Sea-firs {Seriularians) or the Sea- 
inosses (Palyzoa), and the balance of evidence is perhaps in 
favour of placing it with the latter. 



Lr 

The following are ihe more important and accessible works and n 
which may be consulted in studying the straligraphical and palxontolo- 
£ical relalioos of the Cambrian Rocks ; — 
(1) ' Siluria.' Sir Roderick Murchison. Jlh ed., pp. 21-46. 
(3) 'Synopsis of the Classification of the British Paiieoioic Rocks.' 
Sedgwick. Introductioa lo the 3d Fascicalus of the 'Descrip- 
tioiu of British Palieozoic Fossik in the Woodwardian Museum,' 
by F. M'Coy, pp. i-icviii, 1855. 
(jl 'Catalogue of the Cambrian and Silurian Fossils in the Geological 
Museum of Ihe University of Cambridge.' Sailer, With a Pref- 
ace by Prof. Sedgwick. 1873. 
W 'Thesaurus SilnricQS.' 
Hisloty of the Name 
'Geological Magazine 

(6) 'Systeme Silurien dn Centre deTa BohSme." Barrande. Vol. I. 

(7) 'Report of Progre.is of the Gcolt^ical Burve)! of Canajia, ' 
Commencement to 1S63,' pp. 87-109. 
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(8) 'Acadian Geology.' Dawson. Pp. 641-657, 

(9) "Guide to Ihe Gcolc^y of New York," Lint-klaen; and "Contribu- 

tions to the Palieontol:^ of New York," James HalL—'Foar- 

teenth Report on the State Cabinet.' iSGl. 
(10) 'Palseozoic Fossils or Canada.' Billings. 1S65, 
ill) 'Manual of Geology.' Dana. Pp. 166-lSl. 2d ed. 187J. 

(12) "Geology of North Wales," Ramsay; with AppendiK on the 

Fossils, Salter. — 'Memoirs of the Geological Survey of Great 
Briloin,' vol. iii. 1S66. 

(13) " On Ihe Ancient Rocks of the St Divid's Promontory, South Wales, 
and their Fossil Contents." Harkness and Hicks. — 'Quait. 



louni. GcoL Soc.,' xxviL 384-4D2. 1871. 
"On 11 "" ■ " ■ - ■ - ■ ■■ 



<I4) "On the Tremadoc Rocks in Che Neighbourhood of St David's, 

South Wales, and their Fossil Contents." Hicka.—'Qaart 

Jouni. Geol. Soc.,' xxix. 39-52. 1873. 

In the above list, allusion has necessarily been omitted to numerous 

works and memoirs on the Cambrian deposits of Sweden and Norway, 

Central Europe, Russia, Spain, and various parts of North America, as 

well as to a number of important papers on the British Cambrian strata by 

various well-known observers. Amongst these latter maybe mentioned 

memoirs by Prof. Phillips, and Messrs Sailer, Hicks, Belt, Plant, Hom- 

fray, Ash, Holl, &c. 



CHAPTER IX. 

THE LOWER SILURIAN PERIOD. 



4 



The great system of deposits to which Sir Roderick Miirchi- 
son applied the name of "Silurian Rocks" reposes directly 
upon the highest Cambrian beds, apparently without any 
marked unconformity, though with a considerable change in , 
the nature of the fossils. The name ' ' Silurian " was originally I 
proposed by the eminent geologist just alluded to for a great 
series of strata lying below the Old Red Sandstone, and oi:cu- 
pying districts in Wales and its borders which were at one 
time inhabited by the "Silures," a tribe of ancient Britons. 
Deposits of a corresponding age are now known to be largely 
developed in other parts of England, in Scotland, and in Ire- 
land, in North America, in Australia, in India, in Bohetnia, . 
Saxony, Bavaria, Russia, Sweden and Norway, Spain, and in J 
various other regions of less note. In some regions, as in the | 
neighbourhood of St Petersburg, the Silurian strata are found \ 
not only to have preserved their original horizontalily, but also 1 
to have retained almost unaltered their primitive soft and inco- 
herent nature. In other regions, as in Scandinavia and many 
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parts of North America, similar strata, now consolidated into 
shales, sandstones, and limestones, may be found resting witti 
a very slight inclination on still older sediments. In a great 
many regions, however, the Silurian deposits are found to have 
undergone more or less folding, crumpling, and dislocation, 
accompanied by induration and "cleavage" of the finer and 
softer sediments ; whilst in some regions, as in the Highlands 
of Scotland, actual " metamorphism " has taken place. In 
consequence of the above, Silurian districts usually present 
the bold, ragged, and picturesque outlines which are char- 
acteristic of the older " Primitive " rocks of the earth's crust in 
general. In many instances, we find Silurian strata rising into 
mountain-chains of great grandeur and sublimity, exhibiting 
the utmost diversity of which rock-scenery is capable, and de- 
lighting the artist with endless changes of valley, lake, and 
cliff. Such districts are little suitable for agriculture, though this 
is often compensated for by the valuable mineral products con- 
tained in the rocks. On the other hand, when the rocks are 
tolerably soft and uniform in their nature, or when few disturb- 
ances of the crust of the earth have taken place, we may find 
Silurian areas to be covered with an abundant pasturage or to 
be heavily timbered. 

Under the head of "Silurian Rocks,"Sir Roderick Murchi- 
son included all the strata between the summit of the "Long- 
mynd" beds and the Old Red Sandstone, and he divided these 
into the two great groups of the Lower Silurian and Upper Silu- 
rian. It is, however, now generally admitted that a considerable 
portion of the basement beds of Murchison's Silurian series 
ronst be transferred — if only upon palxontological grounds — to 
the Upper Cambrian, as has here been done; and much contro- 
versy has been carried on as to the proper nomenclature of the 
I Upper Silurian and of tiie remaining portion of Murchison's 
[ Lower Silurian. Thus, some would confine the name " Silu- 
L nan" exclusively to the Upper Silurian, and would apply the 
L name of " Cambro-Silurian " to the Lower Silurian, or would 
Kinclude all beds of the latter age in the " Cambrian " series of 
BSedgwick. It is not necessary to enter into the merits of these 
Bonflicting views. For our present purpose, it is sufficient to 
^recognise that there exist two great groups of rocks between 

■ the highest Cambrian beds, as here defined, and the base of 

■ the Devonian or Old Red Sandstone. These two great groups 
1 Mcso closely allied to one another, both physically and pals- 
I ontologically, that many authorities have established a third 
rl or intermediate group {the " Middle Silurian "), by which a pas- 
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sage is made from one into the other. This method of pro- 
cedure mvolves disadvantages which, appear to outweigh its 
advantages ; and the two groups in question are not only gen- 
erally capable of veiy distinct stratigraphical separation, but at 
the same time exhibit, together with the alliances above sjwken 
of, so many and such important palseontological differences, 
that it is best to consider them separately. We shall there- 
fore follow this course in the present instance ; and pending 
the final solution of the controversy as to Cambrian and Silu- 
rian nomenclature, we shall distinguish these two groups of 
strata as the " Lower Silurian " and the " Upper Silurian." 

The Lower Silurian Rocks are known already to be devel- 
oped in various regions ; and though their general succession 
in these areas is approximately the same, each area exhibits 
peculiarities of its own, whilst the subdivisions of each are 
known by special names. All, therefore, that can be attempted 
here, is to select two typical areas — such as Wales and North 
.America — and to briefly consider the grouping and divisions 
of the Lower Silurian in each. 

In Wales, the line between the Cambrian and Lower Silurian 
is somewhat ill-defined, and is certainly not marked by any 
strong unconformity. There are, however, grounds for accept- 
ing the line proposed, for palfeontological reasons, by Dr 
Hicks, in accordance with which the Tremadoc Slates {"Lower 
Tremadoc" of Salter) become the highest of tlie Cambrian 
deposits of Britain. If we take this view, the Lower Silurian 
rocks of Wales and adjoining districts are found to have the 
following ^f/itf^o/ succession from below upwards (fig. 34): — 

1. The Arenig Group. — This group derives its name from 
the Arenig mountains, where it is extensively developed. It 
consists of about 4000 feet of slates, shales, and Hags, and is 
divisible into a lower, middle, and upper division, of which the 
former is often regarded as Cambrian under the name of 
" Upper Tremadoc Slates." 

2. The Llanddlo Group. — The thickness of this group varies, 
from about 4000 to as much as 10,000 feet; but in this latter 
case a great amount of the thickness is made up of volcanic 
ashes and interbedded traps. The sedimentary beds of thi» 
group are principally slates and flags, the latter occasionally 
with calcareous bands; and the whole series can be divided 
into a lower, middle, and upper Llandeilo division, of whictm 
the last is the most important. The name of " Llandeilo" i« 
derived from the town of the same name in Wales, where strata 
of this age were described by Murchison. 
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3. The Caradoc or Bala Group.—Ths alternative names of 
this group are also of local origin, and are derived, the one 
from Caer Caradoc in Shropshire, the otlier from Bala in Wales, 
strata of this age occurring in both localities. The series is 
divided into a lower and upper group, the latter chiefly com- 
posed of shales and flags, and the former of sandstones and 
shales, together with the important and interesting calcareous 
band known as the " Bala Limestone." The thickness of the 
entire series varies from 4000 to as much as ia,ooo feet, ac- 
cording as it contains more or less of interstratilied igneous 
rocks. 

4. The Llandovery Group (Lower Llandovery of Murchison). 
— This series, as developed near the town of Llandovery, in 
Caermarthenshire, consists of less than 1000 feet of conglom- 
erates, sandstones, and shales. It is probable, however, that 
the little calcareous band known as the " Himant Limestone," 
together with certain pale-coloured slates which lie above the 
Bala Limestone, though usually referred to the Caradoc series, 
should in reality be regarded as belonging to the Llandovery 
group. 

The general succession of the Lower Silurian strata of Wales 
and its borders, attaining a maximum thickness {along with 
contemporaneous igneous matter) of nearly 30,000 feet, is 
diagramaiically represented in the annexed sketch-section 
(fiS-34):- 



[Generalised Section 
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Generalised Section of the Lower Silurian Rocks 
OF Wales. 



Llandovery Group. 



t 




Upper Llandeilo. 

Middle Llandeilo. 

Llandeilo. 



In North Amenca, both in the United States and in Cm 
ada, the Silurian rocks are very largely developed, and may b 
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regarded as constituting an exceedingly full and typical series 
of the deposits of this period. The chief groups of the Silurian 
rocks of North America are as follows, beginning, as before, 
ivith the lowest strata, and proceeding upwards (fig. 35) : — 

1. Quebec Group.- — ^This group is typically developed in 
ihe vicinity of Quebec, where it consists of nbout 5000 feet of 
strata, chiefly variously -coloured shales, together with some 
sandstones and a few calcareous bands. It contains a number 
of peculiar Graptolites, by which it can be identified without 
question with the Arenig group of Wales and the correspond- 
ing Skiddaw Slates of the North of England. It is also to be 
noted that numerous Trilobites of a distinct Cambrian fades 
have been obtained in the limestones of the Quebec group, 
near Quebec. These fossils, however, have been exclusively 
obtained from the limestones of the group ; and as these lime- 
stones are principally calcareous breccias or conglomerates, 
there is room for beheving that these primordial fossils are 
really derived, in part at any rate, from fragments of an ujper 
Cambrian limestone. In the State of New York, the Grapto- 
litic shales of Quebec are wanting ; and the base of the Silurian 
is constituted by the so-called " Calciferous Sand-rock " and 
" Chazy Limestone."* The first of these is essentially and 
typically calcareous, and the second is a genuine limestone. 

2. The Trenton Group. — This is an essentially calcareous 
group, the various limestones of which it is composed being 
known as the "Bird's-eye," "Black River," and " Trenton " 
Limestones, of which the last is the thickest and most import- 
ant. The thickness of this group is variable, and the bands of 
limestone in it are often separated by beds of shale. 

3. The Cincinnati Group (Hudson River Formationt).— 
This group consists essentially of a lower series of shales, often 
black in colour and highly charged with bituminous matter 
(the " Utica Slates "), and of an upper series of shales, sand- 



' The precise relations of the Quebec shales with Graptolites (Levis 
k?onnation) to the Calciferous and Chazy beds are still obscure, though 
" at seems little doubt but that the Quebec Shales are superior to the 
Wfcrous Sand-rock. 

t There is some difhcalty about the precise nomenclature of this group. 
It was orieirally called the "Hudson River Formation;" hut this name 
B inappropriate, as rocks of this age hardly touch anywhere the actual 
Hudson River itself, the rocks so called formerly being now known to be 
of more ancient date. There is also some want of propriety in the nanieof 

_iti Group," since the rocks which are known under this name in 

I lie -ridnily of Cincinnati itself are Ihe representatives of the Trenton 
IJEWstone, Utica Slates, and the old Hudson River group, inseparably 
I Betted in what used to be called the "Blue Limestone Series." 
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stones, and limestones (the " Cincinnati " rocks proper). The 
exact parallelism of the Trenton and Cincinnati groups with 
the subdivisions of the Welsh Silurian series can hardly be 
stated positively. Probably no precise equivalency exists ; 
but there can be no doubt but that the Trenton and Cincin- 
nati groups correspond, as a whole, with the Llandeilo and 
Caradoc groups of Britain. The subjoined diagrammatic 
section (fig. 35) gives a general idea of the succession of the 
Lower Silurian rocks of North America : — 




I 



.Black River Limestone 
Bird's-eye Limestone. 
Chazy Limestone. 



\[.r-_ .-.-Calciff rous Sand-roclv. 
'olsdam Sandstone. 
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Of the life of Uie Lower Silurian period we lla^■e record in a 

I vast number of fossils, showing that the seas of this period 

(-■were abundantly furnished with living denizens. We have, 

P however, in the meanwhile, no knowledge of the land-surfaces 

of the period. We have therefore no means of speculating 

as to the nature of the terrestrial animals of this aiicienc age, 

nor is anything known with certainty of any land-plants which 

may have existed. The only relics of vegetation upon which 

a positive opinion can be expressed belong to the obscure 

group of the " Fucoids," and are supposed to be the remains 

of sea-weeds. Some of the fossils usually placed under this 

head are probably not of a vegetable nature at all, but others 




Fig. 36.- Lkr«fhyc-. 



ifig- 3^) appeaf to l^e unquestionable plants. The true affin- 
ities of these, however, are extremely dubious. All that can 
be said is, that remains which appear to be certainly vegetable, 
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and wliich are most probably due to marine plants, have been 
recognised nearly at the base of the Lower Silurian (Arenig), 
and that they are found throughout the series whenever suitable 
conditions recur 

The Protozoans appear to have flourished extensively in the 
Lower Silurian seas, though to a large extent luider forms 
which are still little understood. We have here for the first 
time the appearance of iwni»)/«i/"^/-o of the ordinary type — one 
of the most interesting observations in this connection being 
tliat made by Lhrenberg, who showed that tJie Lower Silurian 
sandstones of the neighbourhood of Sc Petersburg contained 
casts m glauconite of Foraminiferous shells, some of which are 
referable to the existing genera Rotalia and Textularia. True 
Sponges, belonging to that section of the group in which the 
skeleton is calcareous, are also not unknown, one of tlie most 
characteristic genera being As- 
tyhspongia (fig. 37). In this 
genus are included more or less 
globular, often lobed sponges, 
which are believed not to have 
been attached toforeign bodies. 
In the form here figured there 
is a funnel-shaped cavity at the 
summit; and the entire mass of 
the sponge is perforated, as in 
living examples, by a sj^lem 
of canals which convey the 
sea-water to all parts of the 
organism. The canals by 
which the sea-water gains en- 
trance open on the exterior of 
the sphere, and those by which 
it again escapes from the sponge open into the cup-shaped 
depression at the summit. 

The most abundant, and at the same time the least under- 
stood, of Lower Silurian Protozoans belong, however, to the 
genera Sirgmalojiora and Receptaculites, the structure of which 
can merely be alluded to here. The specimens oi Siromate- 
pora {fig. 38) occur as hemispherical, pear-shaped, globular, or 
irregular masses, often of very considerable size, and some- 
times demonstrably attached to foreign bodies. In their struc- 
ture these masses consist of numerous thin calcareous laminas. 
usually arranged concentrically, and separated by natro»r 
interspaces. These interspaces are generally crossed by 
numerous vertical calcareous pillars, giving the vertical sectioa 
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f the fossil a lattice-like appearance. There are also usually 
e pores in the concentric laiiiiniE, by which the successive 




r%.38.-A! 



Iterspaces are placed in cotmnunication ; and sometimes the 
uface presents hirge rounded openings, which appear to corre- 
pond with ihe water-canals of the Sponges. Upon the whole, 
wugh presenting some curious afhnities to the calcareous 
^nges, Stropiatopora is perhaps more properly regarded as 
; gigantic Foraminifer. If this view be correct, it is of special 
rest as being probably the nearest ally of EosoSn, the 
Bneral appearance of the two being strikingly similar, though 
heir minute structure is not at all the same. Lasdy, in the 
feasils known as RecepiaailiUs and Ischadiies we are also pre- 
sented with certain singular Lower Silurian Protozoans, which 
nay with great probability be regarded as gigantic Foratni- 
"(ftra. Their structure is very complex; but fragments are 
HMiy recognised by the fact that the exterior is covered with 
numerous rhomboidal calcareous plates, closely fitting together, 
*nd arranged in peculiar intersecting curves, presenting very 
Ouch the appearance of the engine-turned case of a watch. 

Passing next to the sub-kiugdom of Cxlenteraie animals 
{Zoophytes, Corals, &c.), we find that this great group, almost 
fit wholly absent in the Cambrian, is repr 
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Silurian deposits by a great number of forms belonging o 
one hand to the true Corals, and on the other hand to the 
singular family of the Graptolites. If we except certain plant- 
like fossils which probably belong rather to the Sercularians 
or the Polyzoans [e.g,, Didyonema, Dendrograptus, &c), the 
family of the Graptolites may be regarded as exclusively 
Silurian in its distribution. Not only is this the case, but it 
attained its maximum development almost upon its first ap- 
pearance, in the Arenig Rocks; and whilst represented by a 
great variety of types in the Lower Silurian, it only exists in 
the Upper Silurian in a much diminished form. The Grap- 
tolites (Gr. grapho, I write ; lit/ws, stone) were so named by 
Linnseus, from the resemblance of some of them to written or 
jjencilled marks upon the stone, thougli the great naturalist him- 
self did not believe them to be true fossils at all. They occur 
as linear or leaf-like bodies, sometimes simple, sometimes com- 
pound and branched; and no doubt whatever can be enter- 
tained as to their being the skeletons of composite organisms, 
or colonies of semi-independent animals united together by 
a common fleshy trunk, similar to what is observed in the 
colonies 'of the existing Sea-firs (Sertularians). This fleshy 
trunk or common stem of the colony was protected by a deli- 
cate homy sheath, and it gave origin to the little flower-Uke 
"polypites," which constituted the active element of the whole 
assemblage. These semi-independent beings were, in turn, 
protected each by a little horny cup or cell, directly connected 
with the common sheath below, and terminating above in an 
opening through which the polypite could protrude its tentacled 
head or could again withdraw itself for safety. The entire 
skeleton, again, was usually, if not universally, supported by 
a delicate horny rod or "axis," which appeals to have been 
hollow, and which often protrudes to a greater or less extent 
beyond one or both of the extremities of the actual colony. 

The above gives the elementary constitution of any Grapto- 
lite, but there are considerable differences as to the manner in 
which these elements are arranged and combined. In some 
forms the common stem of the colony gives origin to but a 
single row of cells on one side. If the common stem is a. 
simple, straight, or slightly-curved linear body, then we have 
the simplest form of Graptolite known (the genus Monegraptus); 
and it is worthy of note that these simple types do not come 
into existence til! comparatively late {Llandeilo), and last 
nearly to the very close of the Upper Silurian. In other 
cases, whilst there is still but a single row of cells, the colony 
may consist of two of these simple stems springing from 
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1 point, as in the so-called " twin GraptoHtes " {DUy- 
tnograptus, fig, 40). This type is entirely confined to the earlier 
portion of the Lower Silu- 
rian period (Arenig and 
Llandeilo). In othercases, 
again, there may be fiaiir 
ot such stems springing 
from a central point ( Tel- 
\). Lastly, there 
are numerous complex 
forms (such as Dkhograp- 
tus,^ Loganograplus, &c.) in 
which there are eight or 
more of these simple bran- 
ches, all arising from a 
common centre (fig. 39), 
fur- 
nished with a singular 
liomy disc. These com- 
plicated branching forms, 
as well as the Teiragrapti, 
are characteristic of the 
horizon of the Arenig 
group. Similar forms, of- 
ten specifically identical, 




are found at this horizon in Wales, in the great series of the 
Skiddaw Slates of the north of England, in the Quebec group 
in Canada, in equivalent beds in Sweden, and in certain gold- 
beating slates of the same age in Victoria in Australia, 

In another great group of GraptoHtes (including the genera 
^plegrafiius, Duraiiograptus, Climaeogr-apius, &c.) the common 
stem of the colony gives origin, over part or the whole of its 
length, to trc'o rows of cells, one on each side (fig. 41). These 
double-celled " Graptolites are highly characteristic of the 
lex Silurian deposits ; and, witli an exception mote ^ppa- j 
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tlie Upper Silurian. Lastly, there is a group of Graptolitea 
(Phyllograptus, fig. 42) in which the colony is leaf-like in form, 




FiE- 4=.-Groupof individualiof /"ijfl*. 
emf'tns fyfius, fram the Quebec Kronp of 
Laoada. (AficrHalt.) One of Ihc (bur ram 



and !s composed oi four rows of cells springing in a cross-like 
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; liighly cliar- 



B^anner Iroin the common stem. 
^fecteristic of the Arenig group. 
H^ The Graptolites are usually found in dark-coloured, often 
^mlack shales, which sometimes contain so much carbon as to 
^H^conie " anthracitic." They may be simply carbonaceous ; 
^■but they are more commonly converted into iron-pyrites, when 
Hjiiey glitter with the brilliant lustre of silver as they lie scattered 
Bon the surface of the rock, fully deserving in their metallic 
Rtracery the name of " written stones." They constitute one 
^Kof the most important groups of Silurian fossils, and are of the 
^(greatest value in determining the precise stratigraphical posi- 
V^on of the beds in which they occur. They present, however, 
special difficulties in their study ; and it is still a moot iioint as 
to their precise position in the zoological scale. The balance 
of evidence is in favour of regarding ihem as an ancient and 

I peculiar group of the Sea-firs (Hydroid Zoophytes), but some 
regard them as belonging rather to the Sea-mosses {Polysoa). 
Under any circumstances, they cannot be directly compared 
either with the ordinary Sea-firs or the ordinary Sea-mosses ; 
for these two groups consist of fixed organisms, whereas tlie 
Graptolites were certainly free - floating creatures, living at 
large in the open sea. The only Hydroid Zoophytes or Poly- 
zoans which have a similar free mode of existence, have either 
no skeleton at all, or have hard structures quite unlike the 
horny sheaths of the Graptolites. 

The second great group of Ccelenterate animals {Adiriosoa) 
is represented in the Lower Silurian rocks by numerous 
Corals. These, for obvious reasons, are much more abundant 
in regions where the Lower Silurian series is largely calcareous 
(as in North America) than in districts like \Vales, where 
limestones are very feebly developed. The Lower Silurian 
Corals, though the first of their class, and presenting certain 
peculiarities, may be regarded as essentially similar in nature 
to existing Corals. These, as is well known, are the calcareous 
skeletons of animals — the so-called " Coral - Zoophytes " — 
closely allied to the common Sea-anemones in structure and 
habit. A simple coral (fig. 43) consists of a calcareous cup 
embedded in the soft tissues of the flower-like polype, and hav- 
ig at its summit a more or less deep depression (the " calice ") 
I m which the digestive organs are contained. The space within 
f the coral is divided into compartments by numerous vertical 
I calcareous plates (the " septa "), which spring from the inside 
I of the wall of the cup, and of which some generally reach the 
I centre. Compound corals, again (fig. 44), consist of a greater 
?f less number of structures similar in structure to the above. 



but united together iii different ways into a common mass. 
Sm/'/c corals, therefore, are the skeletons of sing/e and inde- 







pendent polypes ; whilst compound corals are the skeletons of 
assemblages or colonies of similar polypes, living united with 
one another as an organic community. 

In the general details of their structure, the Lower Silurian 
Corals do not differ from the ordinary Corals of the present 
day. The latter, however, have the vertical calcareous plates 
of the coral ("septa") arranged in multiples of six or five; 
whereas the former have these structures arranged in multiples 
of four, and often showing a cross-like disposition. For this 
reason, the common Lower Silurian Corals are separated to 
form a distinct group under the name of Jiugose Corals or 
Jiugosa. They are further distinguished hy the fact that the 
cavity of the coral (" visceral chatnber ") is usually subdivided 
by more or less numerous horizontal calcareous plates or 
partitions, which divide the coral into so many tiers or store>-s, 
and which are known as the " tabulte " (fig. 45). 

In addition to the Rugose Corals, the Lower Silurian rocks 
contain a number of curious compound corals, the tubes 
of which have either no septa at all or merely rudimentary 
ones, but which have the transverse partitions or " tabulse " 
very highly developed. These are known as the Tabulatt 
Corah ; and recent researches on some of their existing allies 
(such as Heliopora) \\3MG shown that they are really allied to 
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modern Sea-pens, Organ-pipe Corals, and Red Coral, 
father than to the typical slony Corals. Amongst ihe charac- 




teristic Rugose Corals of the Lower Silurian maybe mentioned 
species belonging to the genera Cabimnaria^ Favi'sM/a, Sirep- 
iclasma, and Zaphrentis ; whilst amongst the "Tabulate" 
Corals, the principal forms belong to the genera Chatetes, 
Halysifes fthe Chain-coral), Consttllaria, and Heliolitcs. These 
groups of the Corals, however, attain a greater development 
at a later period, and they will be noticed more particularly 
hereafter. 

Passing on to Iiig;her animals, we find that the class of the 
Echinoiicrmata is represented by examples of the Star-fishes 
[Aiteroidea), the Sea-lilies (Crinoidea), and the pecuh'ar extinct 
group of the Cystideans {Cystoidea), with one or two of the 
Brittle-stars {Ophturoidea) — the Sea-urchins (Eehhtoided) being 
still wanting. The Crinoids, though in some places extremely 
numerous, have not the varied development that they possess 
in the Upper Silurian, in connection with which their structure 
will be more fully spoken of. In the meanwhile, it is sufficient 
to note that many of the calcareous deposits of the Lower 
Silurian are strictly entitled to the name of " Crinoidal lime- 
stones," being composed in great part of the detached joints, 
md plates, and broken stems, of these beautiful but fragile 
oiSanisms (see fig. 12). Allied to the Crinoids are the singular 
creatures which are kuoivn as Cystideans (fig. 46). Thsse are 
generally composed of a globular or ovate body (the " calyx "), 
supported upon a short stalk (the " column "), by which the 

■■"" lism was usually attached to some foreign body. The 
was enclosed by closely- fit ting calcareous plates, accu- 
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rately jointed together; and the stem was made up of n 
distinct pieces or joints, flexibly united to each other by mem- 




brane. The chief distinction which strikes one in comparing 
the Cysticieans with the Crinoids is, that tlie latter are always 
furnished, as will be subsequently seen, with a beautiful crown 
of branched and feathery appendages, springing from the sum- 
rait of the calyx, and which are composed of innumerable 
calcareous plates or joints, and are known as the " arms," In 
the Cystideans, on the other hand, there are either no "arms" 
at all, or merely short, unbranciied, rudimentary arms. The 
Cystideans are principally, and indeed nearly exclusively, 
Silurian fossils ; and though occurring in the Upper Silurian 
in no small numbers, they are pre-eminently characteristic of 
the Llandeilo-Caradoc period of Lower Silurian time. They 
commenced their existence, so far as known, in the Upper 
Cambrian ; and though examples are not absolutely unknown 



abnormul form of Cysttdtan. 
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in later periods, they are pre-eminently characteristic of the 
earlier portion of the Palseozoic epoch. 

The Ringed Worms {Anndides) are abundantly represented 
iQ the Lower Silurian, but principally by tracks and burrows 
similar in essential respects to those which occur so commonly 
in the Cambrian formation, and calling for no special com- 
ment. Much more important are the Articulate animals, rep- 
resented, as heretofore, wholly by the remains of the aquatic 




upper LJand^io vod CaAdDc;/, Primitta tzrartsnlatnt Caradoc: p-. Heul'Khield of 
Cafymnu Blvmr*iacMi, var. irevbais/ala, Caradoc r *. Head-shield of TriarUms 
BkU (Ulia SlaUtV Uniled Suies : i, Shisid of Letsrdifm Cnnadaisis, vu. Jcsrik- 
inna. oT ihc rataki uk, TtEnlan LnncilDoc, Canada: j. The tame, vie»Ed fioin the 
fronL. (Afler SallH. M'Coy, Rupen Ju.iei, and Dana.) 




group of the Cnisfaaans. Amongst these are numerous little 
bivalved forms— such as species oi Pt-imitia (fig. 47, /), Bey- 
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ridiia (fig. 47, c\ and Ltperditia {fig. 47, /' and y). Most of 
these are very small, varying from the size of a pin's head up 
to that of a hemp seed ; but they are sometimes as large as 
a small bean (fig. 47, i), and they are commonly found in 
myriads together in the rock. As before said, they belong to 
the same great group as the living Water-fleas (Ostracedd). ■ 
Besides tbese, we find the pod-shaped head-shields of the 
shrimp-like Phyllopods — such as Caryoearis (fig. 47, d) and 
Ceratiocaris. More important, however, than any of these are 
the Trilobites, which may be considered as attaining their maxi- 
mum development in the Lower Silurian, The huge Paraifoxities 
of the Cambrian have now disappeared, and with them almost 
all the principal and characteristic " primordial " genera, save 
Olenus and Agiiosius. In their place we have a great number 
of new forms— some of them, like Unt^&zXAsaphus iyrannus 
of the Upper Llandeilo (fig. 47, a), attaining a length of a foot 
or more, and thus hardly yielding in the matter of size to their 
ancient rivals. Almost every subdivision of the Lower Silurian 
series has its own special and characteristic species of Trilo- 
bites ; and the study of these is therefore of great importance 
to the geologist, A few widely-dispersed and characteristic 
species have been here figured (fig. 47); and the following 
may be considered as the principal Lower Silurian genera — 
Asaphus, Ogygia, Cheirurus, Ampyx, Calymene, Trinuckus, 
Lichas, Jlianus, ^glina, Harpes, Remoplmrides, Phacops, 
Addaspis, ajid Homalonoius, a few of them passing upwardsJ 
under new forms into the Upper Silurian. 

Coming next to the Mollusca, we find the group of the S 
mosses and Sea-mats (Polysm) represented now by quite 1 
number of forms. Amongst these are examples of the 
Lace-corals {Rdepora and Fentstella), with their netted fan-like 1 
or funnel-shaped fronds ; and along with these are numerous I 
delicate encrusting forms, which grew parasitically attached to | 
shells and corals (Hippofhoa, Aleclo, &c.); but perhaps the J 
most characteristic forms belong to the genus Ptilodidya (Sg 
48 and 49). In this group the frond is flattened, with ti" 
striated edges, sometimes sword-like or scimitar- shaped, l-~-_ 
often more or less branched ; and it consists of two layeretf'B 
ceils, separated by a delicate membrane, and opening upon " 
opposite sides. Each of these httle chambers or " cells" was I 
originally tenanted by a minute animal, and the whole thus [ 
constituted a compound organism or colony. 

The, Lamp-shells or Brachiopods are so numerous, and pre- I 
sent such varied types, both in this and the succeeding period 1 
of the Upper Silurian, that the name of " Age ofErachiopod* j 



HISTORICAL PALEONTOLOGY. 



and fig. 51, c and d), are usually more or less transverselv- 
ubloiig or sub quadrate, the two valves {as more or less in all 




the Brachiopods) of unequal sizes, generally more or less con- 
vex, and marked with radiating ribs or lines. The valves of 
the sliell are united to one anotlier by teeth and sockets, and 
there is a straight hinge-line. The beaks are also separated 
by a distinct space ("hinge-area"), formed in part by each 
valve, whicli is perforated by a triangular opening, through 
which, in the living condition, passed a muscular cord altadi- 
ing the shell to some foreign object. The genus StropJwmma 
(fig- SOt i^i 3id 5 ii 1^ and b) is very like Oitkis in general char- 
acter ; but the shell is usually much flatter, one or other valve 
often being concave, the hinge-line is longer, and the aperture 
for the emission of the stalk of attachment is partially closed 
by a calcareous plate. In Lepitena, again (fig. 51, e), the shell 
is like Slrophomma in many respects, but generally compara- 
tively longer, often completely semicircular, and having one 
valve convex and the other valve concave. Amongst other 
genera of Brachiopods which are largely represented in the 
Lower Silurian rocks may be mentioned Lingula, Crania, 
Discina, Tremaiis, Siphonotrda, Acrotrda, Rkynchondla, and 
Atkyris ; but none of these can claim the importance to which, 
the three previously-mentioned groups are entitled. 

The remaining l^wer Silurian groups of Mollusca can be 
but briefly glanced at here. The Bivalves {LameUibranchiata) 
find numerous representatives, belonging to such geneia "" 
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Modiolopsis, Ctenodonta, Orthomta, Palmarca, Lyrodtsma, Am- 
bottyckia, and Cliidophorus. The Univalves {Gasteropoda) are 
also very numerous, the two most important genera being 
Murchisonia (fig. 52) and Pkurotomaria. In both these groups 
outer lip of the shell is notched ; but the shell 
the former is elongated and turreted, whilst in 
te latter it is depressed. The curious oceanic 
nivalves known as the Heteropods are also very 
tbundant, the principal forms belonging to BU 
lerppkoH and Maclurea. In tlie former (fig. 53) 
diere is a symmetrical convoluted shell, like that 
of the Pearly Nautilus in shape, but without any 
internal partitions, and having the aperture of 
ten expanded and notched behind. The species 
of Madurea (fig. 54) are found both m North 
Anierica and in Scotland, and are exclusively 
confined to the Lower Silurian period, so far 
as known. They have the shell coiled into a 
flat spiral, the mouth being furnished with a 
very curious, thick, and solid lid or "opercu cLfsmlgn'ib! 
lum." The Lower Silurian /'/(rc/u.i'j, or "Wmg- Trmton Lmel 
ed Snails," are numerous, and belong pnncipally (J^Mail^" 
to the genera Tlteca, Conularia, and Tentaculites, 
the last-mentioned of these often being ettremely abundant m 
certain strata. 

I.AStly, the Lower Silurian Rocks have yielded a vast number 
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of chambered shells, referable to animals which belong to the 
same great division as the Cuttle-fishes (the Ctphahpoda), and 
of which the Pearly Nautilus is the only living representati\ e at 
the present day. In this group of Ccphakpods the animal 
possesses a well- developed external shell, which is divided 
into chambers by shelly partitions ("septa"), The animal 
lives in the last-formed and largest chamber of the shell, to 
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which it is organically connected by muscular attach men Is. 
The head is furnished with long muscular processes or " arms," 




ir Biliines.) 

and can be protruded from the mouth of the shell at will, or 
again withdrawn within it. We learn, also, from the Pearly 
Nautilus, that these animals must have possessed two pairs of 
breathing organs or "gills;" hence all these forms are grouped 
together under the name of the " Tetrabranchiate " Cephalo- 
pods (Gr. ie/ra, four; bragc/iia, gill). On the other hand, the 
ordinary Cuttle-fishes and Calamaries either possess an internal 
skeleton, or if they have an external shell, it is not chambered ; 
their " arms " are furnished with powerful organs of adhesion 
in the form of suckers ; and they possess only a single pair of 
gills. For this last reason they are termed the " Dibranchiate " 
Cephalopods (Gr. dis, twice ; bragchia, gill). No trace of the 
true Cuttle-fishes has yet been found in Lower Silurian deposits^ 
but the Tetrabranchiate group is represented by a great num- 
ber of forms, sometimes of great size. The principal Lower 
Silurian genus is the well-known and widely-distributed Orthe- 
ceras (fig, 55). The shell in this genus agrees witii that of the 
existing Pearly Nautilus, in consisting of numerous chambera 
separated by shelly partitions (or septa), the latter being per- 
forated by a tube which runs the whole length of the shell 
after the last chamber, and is known as the " siphuncle " (fig. 
56, j). The last chamber formed is the largest, and in it the 
animal lives. The chambers behind this are apparently filled 
with some gas secreted by the animal itself; and these are sup- 
posed to act as a kind of float, enabling the creature to move 
with ease under the weight of its shell. The various air- 
chambers, though the siphuncle passes through them, have no 
direct connection with one another ; and it is beheved that the 
animal has the power of slightly altering its specific gravity, 
and thus of rising or sinking in the water by driving additional 
fluid into the siphuncle or partially emptying it. The Ortho- 
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simple and smooth, concave in front and convex behind, and 
devoid of the elaborate lobation which they exhibit in the 
Ammonites ; whilst the siphuncle pierces the septa either in 
the centre or near it In the Nautilus, however, the shell is 
coiled into a fiat spiral ; whereas in Ortlioceras the shell is a 
straight, longer or shorter cone, tapering behind, and \^ 
ally expanding towards its mouth in front. The chief objec- 
tions to the belief that the animal of t!ie Orthoceras was essen- 
tially like that of the Pearly Nautilus are — the comparatively 
small size of the body-chamber, the often contracted aperture 
of the mouth, and the enonnous size of some specimens of 

* This iUuEtratifjii is taken from a rough skelch made by the author 
many years ago, but he is unable to say fiom wlmt original ^ 
rapieil. 
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the sliell. Thus, some Orthocerata have been discovered 
measuring ten or twelve feet in length, witii a diameter of a 
foot at the larger extremity. These colossal dimensions cer- 
tainly make it difficult to imagine that the comparatively small 
body-chamber could have held an animal large enough to move 
a load so ponderous as its own shell. To some, this difficulty 
has appeared so great that they prefer to believe that the 
Orthoceras did not live in its shell at all, but that its shell was 
an internal skeleton similar to what we shall find to exist in 
many of the true Cuttle-fishes. There is something to be said 
in favour of this view, but it would compel us to believe in the 
existence in Lower Silurian times of Cuttle-fishes fully equal 
in size to the giant "Kraken" of fable. It need only be 
added in this connection that tlie Lower Silurian rocks have 
yielded the remains of many other Tetrabranchiate Cephalo- 
poda besides Orthoceras. Some of these belong to Cyrioceras, 
which only differs from Orthoceras in the bow-shaped form of 
the shell ; others belong to Phragmoceras, lAtuites, &c. ; and, 
lastly, we have true Nautili, with their spiral shells, closely 
resembling the existing Pearly Nautilus. 

Whilst all tile sub-kingdoms of the Invertebrate animals are 
represented in the Lower Silurian rocks, no traces of Verte- 
brate animals have ever been discovered in these ancient 
deposits, unless the so-called " Couodonts " foimd by Pander 
in vast numbers in strata of this age * in Russia should prove 
to be reaily of this nature. These problematical bodies are of 
microscopic size, and have the form of minute, conical, tooth- 
shaped spinesj with sharp edges, and hollow at the base. 
Their original discoverer regarded them as the horny teeth 
of fishes allied to the Lampreys; but Owen came to the con- 
clusion that they probably belonged to Invertebrates. The 
recent investigation of a vast number of similar biit slightly 
larger bodies, of very various forms, in the Carboniferous roclu 
of Ohio, has led Professor Newberry to the conclusion that 
these singular fossils really are, as Pander thought, the teeth of 
Cyclostomatous fishes. The whole of tiiis difficult question 
has thus been reopened, and we may yet have to record the 
first advent of Vertebrate animals in the Lower Silurian. 

'According to Pander, ihe "Conodonts" are found not only in the 
Lower Silurian beds, but also in the " Ungulite Gril " (Upper Cambrian), 
OS well as in the Devonian and Carboniferous deposits of Russia. Should 
Ihe Conodonls prove to be truly the remains of fishes, we slioiild thus ha»e 
to transfer the first appearance of ^'e^teb[ates to, at any rate, as early > 
period as the Upper Cambrian. 
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THE UPPER SILURIAN PERIOD. 

Having now treated of the Lower Silurian period at consider- 
able length, it will not be necessary to discuss the succeeding 
group of the Upper Silurian in the same detail — the more so, 
as with a general change of species the Upper Silurian animals 
belong for the most part to the same great types as those which 
distinguish the Lower Silurian. As compared, also, as regards 
the total bulk of strata concerned, the thickness of the Upper 
Siiurianisgenerally very much below that of the Lower Silurian, 
mdicating that they represent a proportionately shorter period 
of time. In considering the general succession of the Upper 
Silurian beds, we shall, as before, select Wales and America as 
being two regions where these deposits are typically developed. 
In Wales and its borders the general succession of the 
Upper Silurian rocks may be taken to be as follows, in ascend- 
ing order (fig. 57):— 

(i) The base of the Upper Silurian series is constituted by 
1 series of arenaceous beds, to which the name of " May HSU 
Sandstone " was applied by Sedgwick. These are succeeded 
by a series of greenish-grey or pale-grey slates (" Tarannon 
Shales "), sometimes of great thickness ; and these two groups 
of beds together form wliat may be termed the "May Hill 
Group " (Upper Llandovery of Murchison), Though not very 
extensively developed in Britain, this zone is one very well 
marked by its fossils; and it corresponds with the "Clinton 
Group " of North America, in which similar fossils occur. In 
South Wales this group is clearly unconformable to the highest 
member of the subjacent Lower Silurian (the Llandovery group); 
and there is reason to believe that a similar, though less con- 
spicuous, physical break occurs very generally between the 
base of the Upper and the summit of the Lower Silurian. 

(2) The Wenioek Group succeeds the May Hill group, and 
constitutes the middle member of the Upper Silurian. At its 
base it may have an irregular hmestone {"Woolhope Lime- 
stone"), and its summit may be formed by a similar but thicker 
calcareous deposit ("Wenlock Limestone"); but the bulk of the 
group is made up of the argillaceous and shaly strata known as 
the " Wenlock Shale." In North Wales the Wenlock group is 
represented by a great accumulation of flaggy and gritty strata 
(the " Denbighshire Flags and Grits"), and similar beds (the 
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" Coniston Flags " and " Coniston Grits ") take the same placft 
in the north of England. 

(3) The Ludlow Group is the highest member of the Upper 
Sihirian, and consists typically of a lower arenaceous and shaly 
series (the "Lower Ludlow Rock") a middle calcareous 
member (the " Aymestry Limestone "), and an upper shaly and 
sandy series (the " Upper Ludiow Rock " and " Uownlon Sand- 
stone "). At the summit, or close to the summit, of the Upper 
Ludlow, is a singular stratum only a few inches thick (vary- 
ing from an inch to a fool), which contains numerous remains 
of crustaceans and fishes, and is well known under the name 
of the "bone-bed." Finally, the Upper Ludlow rock graduates 
invariably into a series of red sandy deposits, which, when of 
a flaggy character, are known locally as the " Tiie-stones," 
These beds are probably to be regarded as the highest member 
of the Upper SOurian ; but they are sometimes looked upon as 
passage-beds into the Old Red Sandstone, or as the base of 
this formation. It is, in fact, apparently impossible to draw 
any actual line of demarcation between the Upper Silurian and 
the overlying deposits of the Devonian or Old Red Sandstone 
series. Both in Britain and in America the Lower Devonian 
beds repose with perfect conformity upon the highest Silurian 
beds, and the two formations appear to pass into one another 
by a gradual and imperceptible transition. 

The Upper Silurian strata of Britain vary from perhaps 
3000 or 4000 feet in thickness up to Sooo or ro,ooo feet. In 
North America the corresponding series, though also variable, 
is generally of much smaller thickness, and may be under 1000 
feet The general succession of the Upper Silurian deposits 
of North America is as follows ; — 

(r) Medina Sandstone. — This constitutes the base of the 
Upper Silurian, and consists of sandy strata, singularly devoid 
of life, and passing below in some localities into a conglo- 
merate (" Oneida Conglomerate "), which is stated to contain 
pebbles derived from the older beds, and which would thus 
indicate an unconformity between the Upper and Lower 
Silurian. 

(a) Clinton Group. — Above the Medina sandstone are 
beds of sandstone and shale, sometimes n-itli calcareous bands, 
which constitute what is known as the " Clinton Group," The 
Medina and Clinton groups are undoubtedly the equivalent of 
the " May Hill Group " of Britain, as shown by the identity of 
their fossils. 
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(3) I^'i^gora Group. — This group consists typically of ci 
series of argillaceous beds {" Niagara Shale ") capped by 
limestones ("Niagara Limestone"); and the name of the 
group is derived from the fact that it is over limestones of this 
age that the Niagara river is precipitated to form tlie great 
Falls. In places the Niagara group is wholly calcareous, 
and it is contini.ied upwards into a series of marls and sand- 
stones, with beds of salt and masses of gypsum (the " Salira 
Group"), or intoaseries of magnesian limestones ('' Guelph 
Limestones"). The Niagara group, as a whole, corresponds 
unequivocally with the Wenlock group of Britain. 

(4) Lower Ntlderberg Group. — The Upper Silurian period 
n North America was terminated by the deposition of a serie.s 

of calcareous beds, which derive the name of " Lower Helder- 
. berg" from the Helderberg mountains, south of Albany, and 
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which are divided into several zones, capable of recognition by 
their fossils, and known by local names (Tentaculite Lirae- 
alone, Water-lime, Lower Pentamerus Limestone, Delthyris 
Shaly Limestone, and Upper Pentamerus Limestone). As a 
whole, this series may be regarded as the equivalent of tlie 
Ludlow group of Britain, though it is difficult to establish any 
precise parallelism. The summit of the Lower Helderbei^ 
group is constituted by a coarse-grained sandstone (tlie " Oris- 
kany Sandstone"), replete with organic remains, which have 
to a large extent a Silurian fades. Opinions differ as to whether 
this sandstone is to be regarded as the highest bed of the Upper 
Silurian or the base of the Devonian. We thus see that in 
America, as in Britain, no other line than an artificial one can be 
drawn between the Upper Silurian and tlie overlj'ing Devonian. 

As regards the life of the Upper Silurian period, we have, as 
before, a number of so-called " Fucoids," the true vegetable 
nature of which is in many instances beyond doubt. In addi- 
tion to these, however, we meet for the first time, in deposits 
of this age, with the remains of genuine land-plants, though 
our knowledge of these is still too scanty to enable us to con- 
struct any detailed picture of the terrestrial vegetation of the 
period. Some of these remains indicate the existence of the 
remarkable genus Ltpidodendron — a genus which played a p«tt 
of great importance in the forests of the Devonian and Carbon- 
iferous periods, and which may be regarded as a gigantic and 
extinct type of the Club-mosses {Lycopodiaeea). Near the 
summit of the Ludlow formation in Britain there have also 
been found beds charged with numerous small globular bodies, 
whicji Dr Hooker has shown to be the seed-vessels or " spor- 
angia" of Club-mosses. Principal Dawson fiirther states that 
he has seen in tlie same formation fragments of wood with die 
structure of the singular Devonian Conifer known as Pr<^ 
taxites. Lastly, the same distinguished observer has described 
from the Upper Silurian of Nortli America the remains of the 
singular land-planis belonging to the genus Psihphyton, which 
will be referred to at greater length hereafter. 

The marine life of the Upper Silurian is in the main con- 
stituted by types of animals similar to those characterising the 
Lower Silurian, though for the most part belonging to different 
species. The Protozoans are represented principally by Stro- 
mafopora and Ischadttes, along witli a number of undoubted 
sponges (such as Amphispongia, AstreeQspongia, AstyUspongia, 



Amongst the Ctelmterates, we find the old group of Grap- 
tolites now verging on extinction. Individuals still remaia« 
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IS, but the variety of generic and specific types has 
now become greatly reduced. All the branching and complex 
forms of the Arenig, the Iwin-Grap- 
lolites and Duranograpti of the 
Llandeilo, and the double-celled 
ind CUmacograpti of 
the Bala group, have now disap- 
peared. In tiieir place we have 
I the singular RetioHtes, with its ciiri- 
1 ously-reticulated skeleton ; and seve- 
I lal species of the single-celled genus 
1 Monograplus, of which a character- 
istic species {M. priodon) is here 
figured. If we remove from this 
group the plant-like Diciyonettttt, 
■ •«liich are stilf present, and which 
I Krvive into tlie Devonian, no 
1 known species of Grapiolite has 
1 hitherto been detected in strata 
[ Higher in geological position than 
the Ludlow. This, therefore, pre- 
I senls us with the first instance we 
lave as yet met with of the total 
ilisappearance and extinction of a 
great and important series of or- 
ganic forms. 

The Corals ore very numerously 
represented in the Upper Silurian of ihe ume. From the WenLodt 
rocks, some of the limestones (such ?f'^^£°n'"°,?,^''**?(""'''°"'' 
as the Wenlock Limestone) bemg 

often largely composed of the skeletons of these animals. 
Almost all the known forms of this period belong to the 
two great divisions of the Rugose and Tabulate corals, the 
former being represented by species of Zaphretitis, Omphyma, 
Cystiphylhim, SIrombodes, Acemularia, CyaihophyUutn, &c. ; 
whilst the latter belong principally to the genera Favosiies, 
Chtetetes, HalysUes, Syringopora, JJelioii/es-, and Plasmopora. 
Amongst the J?ugosa, the first appearance of the great and 
important genus Cyathophylluin, so characteristic of the Pale- 
ozoic period, is to be noted; and amongst the Tabulata- 
we have similarly the first appearance, in force at any rate, 
of the widely-spread genus Favosiies — the " Honeycomb- 
corals." Tiie " Chain-corals " {Halysites), figured below (fig. 59), 
are also very common examples of the Tabulate corals during 
this period, though they occur likewise in the Lower Silurian. 
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Echinodermata, all tliose orders which have 
r ready preservation are more or less 





alan£C variely of th« sjime, of Ihc naLural 9L2« ; c^ Fragment orUmuLone with toe tubes 
of HalysiUs tigtlsmgrata, nT Eht nauiisl sizci d, Vcrtic-il section of two mbes of lb* 
same, showins ibe tabiilz, enlarged. Niagara LioieEIODe iWeDlockX Cinada. (Oni^luL) 

largely represented. We have no trace of the Holothurians 
or Sea-cucumbers ; but this is not surprising, as the record of 
the past is throughout almost silent as to tlie former existence 
of these soft-bodied creatures, the scattered plates and spicules 
in their skin offering a very uncertain chance of preservation 
in the fossil condition. The Sea-urchins {Echinoids) are said 
to be represented by examples of the old genus PtUachinui. 
The Star-fishes {Asteroids) and the Brittle-stars {OpAiuroids) 
are, comparatively speaking, largely represented ; the fonner 
by species of Palasterina (fig. 60), Palmaster (fig. 60), Paieeo- 
coma (fig. 60), Pdraster, Glyptaster, and Lepidaster — and the 
latter by species of ProtasUr (fig. 61), Paiaodisms, Acroura, 
and Eucladia. The singular Cystideatis, or " Globe Crinoids," 
with their globular or ovate, tesselated bodies (fig. 46, A, C, D,), 
are also not uncommon in tlie Upper Silurian ; and if they do 
not become finally extinct here, they certainly survive the close 
of this period by but a very brief time. 13y far the most im- 
portant, Jiowever, of the Upper Silurian Echinoderms, are the 
Sea-lilies or Crinoids. The limestones of this period are often 
largely composed of the fragmentary columns and di 
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plates of these creatures, and some of them (such as the Wen- 
lock Limestone of Dudley) have yielded [lerhaps the most 




aquisitely-presetved examples of this group with which we 
are as yet acquainted. However varied in their forms, these 



A ■■ 





beautiful organisms consist of a globular, ovate, or pear-shaped 
body (the " calyx"), supported upon a longer or shorter 
jointed stem (or " column"). The body is covered externally 
with an armour of closely-filting calcareous plates (fig, 62), and 
its upper surface is protected by simiiar but smaller plates 
more loosely connected by a leathery integument. From the 
upper surface of the body, round its margin, springs a series 
i^i" longer or sliorter flexible processes, composed of innu- 
merable calcareous joints or pieces, movably united with one 
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another. The arms are t>-pically five in number; but they 
generally subdivide at least once, sometimes twice, and they 




FLk- 61.— Uf«r Silurian Crinoids. «, Calyx and arms of EucalyftKriMis faifdac^ 
Ihi, Wcnloclc limeBtDne : *, IchthyecriHitt lavis, Nij^^ar^ Limeatone, America ; t, 
Taxecnsus tuiirculalxs,y/ca\»cV limesttme. (After M'Coy and Hall.) 

are furnished with similar but more slender lateral branches 
or " pinnules," thus giving rise to a crown of delicate feathery 
plumes. The " column " is the stem by which the animal is 
attached permanently to the bottom of the sea ; and it is com- 
posed of numerous separate plates, so jointed together that 
whilst the amount of movement between any two pieces must 
be very limited, the entire column acquires more or less flod- 
bihty, allowing the organism as awhole to wave backwards and 
forwards on its stalk. Into the exquisite minuiia of structure 
by which the innumerable pans entering into the composition 
of a single Crinoid are adapted for their proper purposes in 
the economy of the animal, it is impossible to enter here. No 
period, as before said, has yielded examples of greater beauty 
than the Upper Silurian, the principal genera represented 
being Cyathocriiius, Platycrinus, Marsupiocrinus, Taxocrinus, 
Eucalyptocrinus, Ichlhyocrinm, Mariacrinus, Pmechocrinus, 
Glyptocrtnus, Crotalocrinus, and Edriocrinus. 

The tracks and burrows of Anneltdes are as abundant in 
the Upper Silurian strata as in older deposits, and have just 
as commonly been regarded as plants. The most abundant 
forms are tlie cylmdrical, twisted bodies (Planolites), which 
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M frequently found on the surfaces of sandy beds, and which 
have been described as the stems of sea-weeds. These fossils 
(% 63)1 however, can be nothing more, in most cases, than 




ihe filled-up burrows of marine worms resembling the living 

Lob-worms, There are aJso various remains which belong to 

the group of the tube-inhabiting Annelides {Tubicola). Of 

I this nature are the tubes of Serpulites and Cornuliies, and the 

I little spiral discs of Spirorbis Leu'isii. 

Amongst the Articulates, we still meet only with the remains 
^ Crustaaatis. Besides the little bivalved Orfrrtccfl'rt— which 
t are occasionally found of the size of beans— and various 
'^opoils of different kinds, we have an abundance of Trtlo- 
These last-mentioned ancient types, however, are now 
I lieginiiing to show signs of decadence ; and though still indi- 
I Tidually numerous, there is a great diminution in the number 
I ofgeneric types. Many of the old genera, which flourished 
I so abundantly in Lower Silurian seas, have now died- out ; 
I Mid Ihe group is represented chiefly by species of Cheirurus, 
I Encrinurus, Harpes, Produs, Lkhas, Acidaspis, Illeenus, Caiy- 
^mm, Homalonolus, and Phacops — the last of tliese, one of the 
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highest and most beautiful of the groups of Trilobites, attaining 
here its maximum of development. In the annexed illustia- 
tion (fig, 64) some of the characteristic Upper Siluria.n Trilo- 




Flg. 64— Upper Silurian TriLobLlK. a, ChiiiyrKS U-rtucrynalm. Wcnlocli aul Ca» i 
Vei!lc^k and Ludlaw; d, Ha.rfsi oKgula, Up^r SUurisD, BoUmiu. (Arm SutMfl 

"'•"""'•■> J 

)ites are represented — all, however, belonging to genera. wMclJ 



bites 

r commencement in the Lower Silurian period, 
addition to the above, the Ludlow rocks of Britain and iJie 
Lower Helderberg beds of North America have yielded fie 
remabs of certain singular Crustaceans belonging lo A5 
extinct order of the Eurypterida. Some of these ■wondeiffl 
forms are not remarkable for their size; but others, sudi* 
Pterygottis Angliats (fig. 65), attain a length of six feet or nKMi 
and may fairly be considered as the giants of their class. Til 
Eurypterids are most nearly allied to the existing King-od 
{Limuli), and have the anterior end of the body covered irA 
a great head-shield, carrying two pairs of eyes, ihe one sitll[S 
and the other compound. The feelers are converted inti 
pincers, whilst the last pair of limbs have their bases covered 
with spiny teeth so as lo act as jaws, and are flattened wj 
widened out towards their extremities so as to officiate u 
swimming-paddles. The hinder extremity of the body is coin. 
posed of thirteen rings, which have no legs attached to thetUj 
and the last segment of the tail is either a flattened plate 
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narrow, sword-shaped spine. Fragments of the skeleton are 
easily recognised by the peculiar scale-like markings with 
which the surface is adorned, and 

which look not at all unlike the rf?*°^i-^^"S^V 

scales of a fish. The most fam- c ^^^jg^V/V ^ 

ous locality for these great Crus- /j >^^§^^3v f\ 

uceans is Lesmahagow, in Lan- MJ ^^^f^^^^sSSi. 

arkshire, where many different "t-^X* ^ ^ ■ ■*Vtt m vji 

species have been found. The /y r" ~^ ^ LiA 

inie King-crabs {Limuii) of exist- j " i — -Jj^- — \ \\ 

ingseas also appear to have been ^^ ' ^r il ^ 

represented by at least one form " W r* ~' /\" 

^'"vtlimuius) m the Upper Silu- ( * h" ' — ■ '^) 

jC Coming to the Mottiisca, we V — ~~4 

e the occurrence of the same V — ^ / 

^t groups as in the Lower V ^ 

Amongst the Sea- Y . , / 

\ {Polytoa), we have the VZ-1_7 

Lace - corals {I'eiiestdki rW'"! 

I Rdtpord), with the nearly- *73Il^ 

Blied Glauconome, and species of I "i j\ 

_ 'Pdlodktya (fig. 66) ; whilst many ' \ 1 1 y 

fornis often referred here may \i^ 

iirobably have to be transferred 

10 the Corals, just as some so- ^ifjfi r^a~i^"uSd^'r"d=''S'u^ 

uljed Corals will ultimately be :n .i«, and i«tored. cr,Thc/«Jeni 

removed to the present group. Sjw™™»,E)'M'"«n^Thr«''^Bof 

The Erachiopods continued i™^"^ ""*?■ *!'■' i^j^"^ TT"'' 

to flounsh dunng the Upper of which areiipiny and aclas ]■»». 

Silurian period in immense num. JJS.^ S'^ J^""""^' <^' 
bers and under a greatly in- 
creased variety of forms. The three prominent Lower 
Silurian genera Orthts, Strophomena, and Lepiana are still 
n'ell represented, though they have lost their former pre- 
eminence. Amongst the numerous types which have now 
come upon the scene for the first time, or which have now a 
special development, are Spirifera and Fciitamerits. In the 
first of these {fig. 69, b, c), one of the valves of the shell (the 
dorsal) is fiimished in its interior with a pair of great calca- 
reous spires, which served for the support of the long and 
fringed fleshy processes or " arms " whicli were attached to the 
sides of the mouth.* In the genus Penlamerus (fig. 70) the 



HISTORICAL PAL/EONTOLOGY. 



shell is curiously subdivided in its interior by calcareous 
plates. The Pentameri commenced their existence at the very 




., . — shaped frond of ffAiwjlorB Hrmmuo. .«, 

. enlareed ; i aiid la, PAaaotara gnsi/amtii, of the 

■- ■ ' v., of Ific nalund s[m and en- 

■ enlarged. The «ped- 

lada. {OriB'maJ.) 



close of the Lower Silurian (Llandovery), and survived to the 
close of the Upper Silurian ; but they are specially character- 
istic of the May Hill and Wenlock groups, both in Britain 
and in other regions. One species, Pentamenis galeatus, is 
common to Sweden, Britain, and America.. Amongst the 
remaining Upper Silurian Brachiopods are the extraordinary 

usually coiled into a. spiral. These oi^ns &ie knowD as Ihe "aTtt*," 
and it is from their presence that tlie name of " Brachiopods " is detivcd 
(Gr. brackiim, arm ; foda, feet). In some cases the arms are merely coiled 
away within the shell, without any support ; but in ether cases ibey are 
earned upon a more or less elaborate shelly loop, often spoken of as the 
"carriage-spring apparatus." In the Sfitifrrs, and in other ancient 
genera, this apparatus is coiled up into a complicated spiral (lig 67) It 




is these "anns," with or without the Kupportine loops or spires, ii. 
ie of the special chniacters dislinguishine the .frnr^id^Wjf 



the true Bivalves (Lamdlibra»cAiaia). 
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\ Trimerellids ; the old and at the same time modem Linaula, 
JDiscinm, and Crania ; together with many species of Atrypa 




(fig. 68, e), Leptoceelia (fig. 68, a), Rhyvchonella (fig. 68, b, c), 
Meristella (fig. 69, a, e,f), Athyris, Retzia, C/ioiieks, &c. 




^ ..,.. .. Wf/^/Zii /vj^r^er^'A, NiAgora Group, America : h, Siiri/era Kiaffar- 
lir, Ntpra Group, America ;e,c^.r^m7mj crijA'.Msy Hill loLodlow, Brilmn, and 

(^*//rf nav^prpni, Niagara Group, America ; X ^'f 



The higher groups of the Mollusca are also largely repre- 
j sentd in the Upper Silurian. Apart from some singular types, 
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such as the huge and thick-shelled Megabmi of tlie Americin 
■\Venlock formation, the Bivalves {Lamfllibra/ickiala) present 




little of special interest ; for though sufficiently n 
are rarely well preserved, and their true affinities are often un- ' 
certain. Amongst the most characteristic genera of this period 
may be mentioned CiW/o/a (fig. 71, AandC) zxiA J^erinea {fv^. 




,. though the latter survives to a much later date. The 
Univalves {Gasteropoda) are veTy numerous, and a few charac- 
teristic forms are here figured (fig. 72). Of these, no genns 
is perhaps more characteristic than Euomphalus (fig. 72, S), 
with its flat discoidal shell, coiled up into an oblique spiral, 
and deeply hollowed out on one side ; but examples of this 
group are both of older and of more modem dale. Another 
very extensive genus, especially in America, is Platyca-as (fig. 
72, (I and/), with its thin fragile shell — often hardly coiled up 
at all— its minute spire, and its widely- expanded, often sinuated 
mouth. The British Acroculia should probably be placed 
here, and the group has with reason been regariled as allied 
to the Violet-snails {lanthina) of the open Atlantic. ~' 



tic. Thfc 
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B ipecies of Plaiyostoma (fig. 72, li) also belong to the same 
family; and the entire giouj) is continued throughout ihe 
Devonian into the Carboniferous. Amongst other well-known 
L'pper Silurian Gasteropods are species of the genera Bolap&i 




—Upper SituHan Gasieropods. n, Platytt 

, . in; d,FbitrK/ulmairitilrl.'VB'XTl.^d\oi 

WailKk. Briiidn: /, Plitlycrrai mulfyiti-alum. Low 
tunOcmicn. Lower HitierbcrE, America: k, k\ P 

I Cmip, Amsncs. CAfccr Hall, VtCof, mid Saluii.) 



t^{^°A^':"^r"H 



, , g), Holopella (fig. 72, t), Platyschisma (fig. 72, d), 
^yclonema, Pleurotomaria, Murckisotiia, Trochonenta, &c. The 
■ : Univalves (Heteropods) are rep- 
ented mainly by species of Bellerth 
w,- and the Winged Snails, or Ptero- 
wl, can still boast of the gigantic Thecm 
1 Conuiaria, which characterise yet 
Sder deposits. The comraonest genus 
iPteropoda, however, is Tmtaadiles (fig. 
J|s), which clearly belongs here, though 
fft has commonly been regarded as the 
tube of an Annelide. The shell in this 
group is a conical tube, usually adorned 
with prominent transverse rings, and Y\%Ti.—TiiitaiMtitaer- 
offen with finer transverse or iongitudi- Eli'^iirani^N«.hA"m^(i 
jial striae as weE ; and many beds of the 
Upper Silurian exhibit myriads of such tubes scattered promis- 
cuously over their surfaces. 
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The last and highest group of the Afo!lusca—t\iaX of 
Cephalopoda — is still represented only by Tetrabraruhiatt 
forms; but the abundance and variety of these is almost 
beyond belief. Many hundreds of different species are known, 
chiefly belonging to the straight Orthoceratites, but the slightly- 
curved Cyrtoceras is only little less common. There are also 
numerous forms of the genera P/iragrrwceras, Ascoceras, Gyro- 
ceras, Lituites, and Nautilus. Here, also, are the first-known 
species of the genus Goniaiites — a group which attains con- 
siderable importance in later deposits, and which is to be 
regarded as the precursor of the Am-moniies of the Secondaiy 
period- 

Finally, we find ourselves for the first time called upon to 
consider the remains of undoubted vertebrate animals, in the 
form of Fishes. The oldest of these remains, so far as yel 
''■^"'■-1, are found in the Lower Ludlow rocks, and they con- 
sist of the bony head-shields or bucklen 
of certain singular armoured fishes belong- 
ing to the group of the Ganoids, repre- 
sented at the present day by the Stur- 
geons, the Gar-pikes of North America, 
and a few other less familiar forms. The 
principal Upper Silurian genus of these is 
Pteraspis, and the annexed illustration (fig, 
74) will give some idea of the extraordi- 
nary form of the shield covering the head 
in these ancient fishes. The remarkable 
— Hasd-ihitU stratum near the top of the Ludlow for- 




'tviw^'^aSaf'iMu^ mation known as the "bone-bed" has 
Murehiion,) also yielded the remains of shark-lite 

fishes. Some of these, for which the name 
of Onchus has been proposed, are in the form of com- 
pressed, slightly. curved spines (fig. 75, A), whidi would apiicr 



a^B 



to be of the nature of the strong defensive spines implanted 
in front of certain of the fins in many living fishes. Besides 
:, have been found fragments of prickly skin or shagreen 
1, along with minute cushion-shaped bodies (Thelo- 
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I rfjtf, fig. 75, B), which are doubtless the bony scales of some 
fish resembling the modem Dog-fishes. As the above mentioned 
remains belong to two distinct, and at the same time highly- 
organised, groups of the fishes, it is hardly likely that we are 
really presented here with the first exainples of this great class. 
On the contrary, whether the so-called " Conodonts " should 
prove to be the teeth of fishes or not, we are justified in ex- 
pecting that unequivocal remains of this group of animals will 
still be found in the Lower Silurian, It is interesting, also, to 
note that the first appearance of fishes — the lowest class of 
vertebrate animals — so far as known to us at present, does not 
take place until after all the great sub-kingdoms of invertebrates 
have been long in existence ; and there is no reason for think- 
ing that future discoveries will materially affect the relative 
order of succession thus indicated. 
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CHAPTER XI. 



T//E DEVONIAN AND OLD RED SANDSTONE 
PERIOD. 



Between the summit of the Ludlow formation and the si 
which are universally admitted to belong to the CarbonifatiW'fl 
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series is a great system of deposits, to which the name of " Old 
Red Sandstone" was originally applied, to distinguish them 
from certain arenaceous strata which lie above the coal (" New 
Red Sandstone"). The Old Red Sandstone, properly so 
called, was originally described and investigated as ocairring 
in Scotland and in South Wales and its bordere ; and similar 
strata occur in the south of Ireland. Subsequently it was 
discovered that sediments of a different mineral nature, and 
containing different of^anic remains, intervened between the 
Silurian and the Carboniferous rocks on the continent of Eu- 
rope, and strata with similar palxontological characters to these 
were found occupying a considerable area in Devonshire. The 
name of " Devonian " was applied to these deposits j and this 
title, by common nsage, has come to be regarded as synony- 
mous with the name of " Old Red Sandstone." lastly, a 
magnilicent series of deposits, containing marine fossils, and 
undoubtedly equivalent to the true " Devonian " of Devon- 
shire, Rhenish Prussia, Belgium, and France, is found to inter- 
vene in North America between the summit of the Silurian 
and the base of the Carboniferous rocks. 

Much difficulty has been felt in correlating the true " Devon- 
ian Rocks " with the typical " Old Red Sandstone"— this diffi- 
culty arising from the fact that though both formations are 
fossiliferous, the peculiar fossils of each have only been rarely 
and partially found associated together. The characteristic 
cmstaceans and many of the characteristic fishes of the Old 
Red are wanting in the Devonian; whilst the corals and 
marine shells of the latter do not occur in the former. It is 
impossible here to enter into any discussion as to the merits 
of the controversy to which this difficulty has given origin. 
No one, however, can doubt the importance and reality of the 
^Jevoaian series as an independent system of rocks to be in- 
flated in point of time between the Silurian and t!ie Car- 
oniferous. The want of agreement, both lithologically and 
laontologically, between the Devonian and the Old Red, 
'le explained by supposing that these two formations, 
^h wholly or in great part contemporancms, and therefore 
rici equivalents, represent deposits in two different g _ 
al areas, laid down under different conditions. On this 
e typical Devonian rocks of Europe, Britain, and North 
nerica are the deep-sea deposits of the Devonian period, or, 
It any rate, are genuine marine sediments formed far from 
and. On the other hand, the "Old Red Sandstone" of 
I &itain and the corresponding "Gasp^ Group" of Eastern 
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Canada represent the shallow-water shore-deposits of the same 
period. In fact, the former of these last -mentioned de- 
posits contains no fossils which can be asserted positively 
to be marine (unless the Eurypterids be considered so) ; and 
it is even conceivable that it represents the sediments of an 
inland sea. Accepting this explanation in the meanwhile, 
we may very briefly consider the general succession of the 
deposits of this period in Scotland, in Devonshire, and in 
North America. 

In Scotland the "Old Red" forms a great series of arena- 
ceous and conglomeratic strata, attaining a thickness of many 
thousands of feet, and divisible into three groups. Of these, 
the Lower Old Red Sandstone reposes with perfect conform- 
ity upon the highest beds of the Upper Silurian, the two for- 
mations being almost inseparably united by an intermediate 
series of " passage-beds." In mineral nature this group con- ' 
sists principally of massive conglomerates, sandstones, shales, I 
and concretionary limestones ; and its fossils consist chiefly of I 
large crustaceans belonging to the family of the Eurypterids, \ 
fishes, and plants. The Middle Old Red Sandstone consists of ( 
Hagstones, bituminous shales, and conglomerates, sometimes i 
with irregular calcareous bands ; and its fossils are principally 
fishes and plants. It may be wholly wanting, when the Upper 
Old Red seems to repose unconformably upon the lower divi- 
sion of the series. The Upper Old Red Sandstone consists of 
conglomerates and grits, along with a great series of red and 
yellow sandstones— the fossils, as before, being fishes and re- 
mains of plants. The Upper Old Red graduates upwards 
conformably into the Carboniferous series. 

The Devonian rocks of Devonshire are likewise divisible 
into a lower, middle, and upper division. The Lower 
Devonian or Lynton Group consists of red and purple sand- 
stones, with marine fossils, corresponding to the "Spiri/er 
Sandstein " of Germany, and to the arenaceous deposits (Scho- 
harie and Cauda-Galli Grits) at the base of the American 
Devonian. The Middle Devonian or Llfraeombe Group consists 
of sandstones and flags, with calcareous slates and oystalliiB 
limestones, containing many corals. It corresponds with the 
great " Eifel Limestone " of the Continent, and, in a general 
way, with the Comiferous Limestone and Hamilton group of 
North America. The Upper Devonian or Pillon Group, lastly, 
consists of sandstones and calcareous shales which correspond 
with the ''Clymenia Limestone" and"Cypridina Shall 
the Continent, and with the Chemung and Portage groups of 
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■North America. It seems quite possible, alsoj that the so- 
called " Carboniferous Slates " of Ireland correspond widi 
this group, and that the former wou!d be more properly re- 
garded as forming the summit of the Devonian than the 
base of the Carboniferous. 

In no country in the world, probably, is there a finer 
or more complete exposition of the strata intervening be- 
tween the Silurian and Carboniferous deposits than in the 
United States. The following are the main subdivisions 
of the Devonian rocks in the State of New York, where 
the series may be regarded as being typically developed 
(fig. 67):- . . 

(i) Cauda-Galli GrilzxiA Schoharie Grit. — Considering the 
" Oriskany Sandstone " as the summit of the Upper Silurian, 
the base of the Devonian is constituted by the arenaceous 
deposits known by the above names, which rest quite conform- 
ably upon the Silurian, and which represent the Lower 
Devonian of Devonshire. The Cauda-Galli Grit is so called 
from the abundance of a peculiar spiral fossil (Spirophyton 
iHiia-Galli), which is of common occurrence in the Carbon- 

;ro«s rocks of Britain, and is supposed to be the remains 
sea-weed. 

(z) The Corniferous or Upper Hdderberg Limestont. ~~ A 
series of limestones usually chaiged with considerable quan- 
tities of siliceous matter in the shape of homstone or chert 
(Lat cornu, horn). The thickness of this group rarely exceeds 
300 feel; but it is replete with fossils, more especially with 
the remains of corals. The Corniferous Limestone is the 
equivalent of the coral-bearing limestones of tJie Middle De- 
vonian of Devonshire and the great " Eifel Limestone" of 
Germany. 

(3) The Hamilton Group — consisting of shales at the base 
f" Marcellus shales ") ; flags, shales, and impure limestones 
("Hamilton beds") in the middle ; and again a series of shales 
(" Genesee Slates ") at the top. The thickness of this group 
varies from 200 to izoo feet, and it is richly charged with 
marine fossils. 

(4) The Portage Group. — A great series of shales, flags, and 
shaly sandstones, with few fossils. 

(g) The Chemung Group. — Another great series of sand- 
stones and shales, but with many fossils. The Portage and 
Chemung groups may be regarded as corresponding with the 
Upper Devonian of Devonshire. The Chemung beds are 
succeeded by a great series of red sandstones and shales — the 
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" Catskill Group " — which pass conformably upwards into the 
Carbon ifer&us, and which may perhaps be regarded as the 
equivalent of the great sandstones of the Upper Old Red in 
Scotland. 

Throughout the entire series of Devonian deposits in North 
America no unconformability or physical break of any kind 
has hitherto been detected ; nor is there any marked interrup- 
tion to the current of life, though each subdivision of the series 
has its own fossils. No completely natural line can thus be 
indicated, dividing the Devonian in this region from the Silu- 
rian on the one hand, and the Carboniferous on the other 
hand. At the same time, there is the most ample evidence, 
both stratigraphical and palsontological, as to the complete 
independence of the American Devonian series as a distinct 
life-system between the older Silurian and the later Carbon- 
iferous. The subjoined section (fig. 76) shows diagraramati- 
cally the general succession of the Devonian rocks of North 
America. 

As regards the /ife of the Devonian period, we are now 
acquainted with a large and abundant terrestrial ^ra — this 
being the first time that we have met with a land vegetalion 
capable of reconstruction in any fulness. By the researches 
of Gceppert, Unger, Dawson, Carruthers, and other botanists, 
a knowledge has been acquired of a large number of Devonian 
plants, only a few of which can be noticed here. As might 
have been anticipated, the greater number of the vegetable 
remains of this period have been obtained from such shallow- 
water deposits as the Old K.ed Sandstone proper and the Gaspfc 
series of North America, and few traces of plant-life occur it* 
the strictly marine sediments. Apart from numerous remains, 
mostly of a problematical nature, referred to the comprehensive 
group of the Sea-weeds, a large number of Ferns have no-mr 
been recognised, some being of the ordinary plant-like type 
{Pecopteris, Neuropteris, Alethopteris, Spltaiopteris, &c. ), whilst 
others belong to the gigantic group of the " Tree - fems "■ 
(Psaranius, Caulopleris, &c) Besides these there is an abun- 
dant development of the singular extinct types of the Lfpitf^ 
dendroids, tjie Sigillarioids, and the Calamites, all of whi«J* 
attained their maximum in the Carboniferous. Of these, the 
Lepidodmdra may be regarded as gigantic, tree-like Club-mosses 
{Ly<opodiaeae) ; the Catamites are equally gigantic Horse-tail^ 
\EquisetacaB); and the Sigillarioids, equally huge in size, i^ 
some respects hold a position intermediate between the Clttt** 
mosses and the Pines (Conifers). The Devonian rocks ha--^^ 
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slso yielded traces of many other plants (such as Annularia, 
Aitvophyllites, Cardiocarpon, &c.), which acquire a greater pre- 
■finance iu the Carboniferous period, and which will be 
Swlteo of in discussing the structure of the plants of the Coal- 
Measores, Upon the whole, the one plant which may be con- 
'iAatA as specially characteristic of the Devonian (chough not 
'mfined to ihis series) is the Psilophyton (fig. 77) of Dr Daw- 
«L These singular plants have slender branching stems, 
14 sparse needle-shaped leaves, the young stems being at 
fecoiled up, crosier- fashion, like the young fronds of ferns, 
*liilsl the old branches cany numerous spore-cases. The 
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Stems and branches seem to ha.ve attained a height of twOjSI 
three feet ; and they sprang from prostrate " root-stocks " or 
creeping stems. Upon the whole, 
^ ^ Principal Dawson is disposed to 

regard Psilophyton as a "general- 
ised type" of plants intermediate 
between the Fems and the Club- 
mosses. Lastly, the Devonian de- 
posits have yielded the remains of 
the first actual trees with which we 
are as yet acquainted. About the 
nature of some of these {Ormoxylon 
and Dadoxylon) no doubt can be 
entertained, since their trunks not 
only show the concentric rings of 
growth characteristic of exogen- 
ous trees in general, but their 
woody tissue exhibits under the 
microscope the "discs" which are 
characteristic of the wood of the 
Pines and Firs {see fig. z). The 
singular genus Prelotaxites, how- 
ever, which occurs in an older por- 
tion of the Devonian series than 
the above, is not in an absolutely 
unchallenged position. By Prin- 
cipal Dawson it is regarded as the 
trunk of an ancient Conifer — the 
most ancient known ; but Mr 
Carruthers regards it as more pro- 
bably the stem of a gigantic sea- 
weed. The trunks of Proiofaxites 
(fig. 78, A) vary from one to three 
feet in diameter, and exhibit con- 
centric rings of growth ; but its. 
liif ftM^fronSn 'S^ woody fibres have not hitherto 
" ' been clearly demonstrated to pos — 

sess discs. Before leaving th^= 
Devonian vegetation, it may be mentioned that the hornston^= 
or chert so abundant in the Corniferous limestone of Norti — ■ 
America has been shown to contain the remains of variou^^ 
microscopic plants {Diatoms and Desmids). We find also i^=^ 
the same siliceous material the singular spherical bodies, wit^fc^ 
radiating spines, which occur so abundantly in the chalk flinl^=* 
and which are termed Xanthidia. These may be regajde-^^ 
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The Devonian Protozoans have stUl to be fully investigat- 
;d. True Sponges {such as 4strteospongta, Spharospongia, 

i&c.) are not unknown; but by far the commonest repre- 
sentatives of this sub-kingdom m the Devonian strata are 
Siromalopora and its allies. These singular organisms (fig. 
79) are not only very abundant m some ot the Devonian lime- 
stones — both in the Old World and the New — but they often 
attain very large dimensions. However much they may differ 
r details, the general structure of these bodies is that 
of numerous, concentrically-arranged, thin, calcareous lamina, 
separated by narrow interspaces, which in turn are crossed by 
numerous delicate vertical pillars, giving the whole mass a 
cellular structure, and dividing it into innumerable minute 
quadrangular compartments. Many of the Devonian Stromato- 
forx also exhibit on their surface the roundeci openings of 
canals, which can hardly have served any other purpose than 
I that of permitting the sea-water to gain ready access to every 
)art of the organism. 
No true Graptolites have ever been detected in strata of 
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Devonian age ; and the whole of this group has becon]e>^ 
tinguished— unless we refer here the still autviving I?Kiyon 




CaiudtL (Ongidal.) 



The Cxlenlerales, however, are represented by a vast number 
of Corals, of beautiful forms and very varied types. The 
marbles of Devonshire, the Devonian limestones of the Eifel 
and of France, and the calcareous strata of the Corniferous 
and Hamilton groups of America, are often replete with the 
skeletons of these organisms — so much so as to sometimes 
entitle the rock to be considered as representing an ancient 
coral-reef. In some instances the Corals have preserved their 
primitive calcareous composition ; and if they are embedded 
in soft shales, they may weather out of the rock in almost all 
their original perfection. In other cases, as in the marbles of 
Devonshire, the matrix is so compact and crystalline that the 
included corals can only be satisfactorily studied by means of 
polished sections. In other cases, again, the corals have been 
more or less completely converted into flint, as in the Cornifer- 
ous limestone of North America. When this is the case, ihey 
often come, by the action of the weather, to stand out from 
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B enclosing rock in the boldest relief, exhibiting to the ob- 
;e details of their organisation. As before, 
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the many forms of these, the species of Cyathophyliutii, Hdh- 
phyllupiX^^. 8z), Zaphrentis (fig. 81), and Cystiphyllmn (fig. 80), 
are perhaps those most abundantly represented — none of these 
genera, however, except Ueliophyllum, being peculiar to the 
Devonian period. There are also numerous compound Ru- 
gose corals, such as species of Eridophytlum, Diphyphyt- 
lum, Syringopora, Phillipsaslraa, and some of the forms flf 
Cyatkophyllum and Crefidopkyllum (fig. S3). Some of these 
compound corals attain a very large size, and form of ihem- 
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selves regular beds, which have an analogy, at any rate, with 
existing coral-reefs, though there are grounds for believing that 
these ancient types differed from the modem reef-builders in 
being inhabitants of deep water. The "Tabulate Corals" are 
hardly less abundant in the Devonian rocks than the Rugasa ; 
and being invariably compound, they hardly yield to the latter 
in the dimensions of the aggregations which they sometimes 

The commonest, and at the same time the largest, of these 
are the " lioneycomb corals," forming the genus lujvosiUs 
(figs. 84, 85), which derive both their vernacular and their 
technical names from their great likeness to masses of petrified 
honeycomb. The most abundant species are FavoiiUs Goth- 
landica and F. hemispherua, both here figured, which form 
masses .sometimes not less than two or three feet in diameter. 
Whilst Favosites has acquired a popular name by its hooey- 
combed appearance, the resemblance of Michelinia to a fossil- 




non-scientific public. In addition to these, there are numer- 
ous branching or plant-like Tabulate Corals, often of the most 
graceful fonn, which aie distinctive of the Devonian in all 
parts of the world. 

The Echinoderms of the Devonian period call for little 
special notice. Manyof the Devonian limestones are "crin- 
oidal;" and the Crinoids z.k the most abundant and widely- 
distributed representatives of their class in the deposits of 
this period. 

The Cystideans, with donbtful exceptions, have not been 
recognised in the Devonian ; and their place is taken by the 
allied group of the " Pentremites," which will be further spoken 
of as occurring in the Carboniferous rocks. On the other hand, 
the Star-fishes, Brittle-stars, and Sea-urchins are all continued 
by types more or less closely allied to those of the preceding 
Upper Silurian. 

Of the remains of Ringed-worras (Antielides), the most numer- 
ous and the most interesting are the calcareous envelopes of 
some small tube-inhabiting species. No one who has visited 
the seaside can have failed to notice the little spiral tubes of 
Ihe existing Spirorbh growing attached to shells, or covering 
I the fronds of the commoner Sea-weeds {especially Fucus ser- 
I ratus). These tubes are inhabited by a small Annelide, and 
1 Btnictures of a similar character occur not uncommonly from 
the Upper Silurian upwards. In the Devonian rocks, Spir- 
ofbis is an extremely common fossil, growing in hundreds 
atuched to the outer surface of coralsand shells, and appearing 
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in many specific forms {figs. 86 and 87) ; but almost all i 
known examples are of small size, and are liable to escape a 
cursory examination. 
~ The Crmtaceans of 

the Devonian are prin- 
cipally ^Hrv/Zi^irf-f and 
Trilobiies. Some of the 
former attain gigantic 
dimensions, and the 
quarrymenintheScotch 
Old Red give them the 
name of " seraphim," 
from their singular 
scale -like ornamenta- 
tion. The Trilobites, 
though still sufficiently 
abundant in some local- 
ities, have undergone a 
yet further diminution 
since the close of the 
Upper Silurian. In both 
America and Europe 
quite a number of gen- 
: types have survived from the Silurian, but few or no new 
!s make their appearance during this period in either the Old 




.— d b, Sfiircriii la.tnis, vn]arwd. Upper 
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..principal forras belong to the genera Phaceps (fig. 88, a, c, d), 
Homalonotus (fig, 88, b), Proefus, ajid Bronteus. The species 
figured above under the name of Phaeops latifrons (fig. 88, a), 
has an almost world-wide distribution, being found in the 
Devonian of Britain, Belgium, France, Germany, Russia, Spain, 
_,sn<l South America ; whilst its place is taken in North Ame- 
Knca. by the closely-allied Phaeops rana. In addition to the 
^ IVilobitfs, the Devonian deposits have yielded the remains of 
a number of the minute Ostracoda, such as Entomis (" Cypri- 
dina"), Leperditia, &c., which sometimes occur in vast num- 
bers, as in the so-called " Cypriiiina Slates " of the German 
Devonian. There are also a few forms of Pfiyllopodi (JSs- 
lluria). Taken as a whole, the Crustacean fauna of the 
Devonian period presents many alliances with that of the 
Upper Silurian, but has only slight relationships with that of 
tJie Lower Carboniferous. 

Besides Crustaceans, we meet here for the first time with 
the remains of air-breathing Articulates, in the shape of Insects. 
So far, these have only been obtained from the Devonian 
rocks of North America, and they indicate the existence of at 



less allied to the existing 
e of these interesting primitive 
antiqua (fig. 89), appears to have 



least four generic types, all 
May-flies {Ephemerida). O 
insects, namely, Platepihemen 
measured five inches in ex- 
panse of wing; and another 
\Xefnmeura antiguorum) has 
attached to its wing the re- 
mains of a " stridulating- 
organ " similar to that pos- 
sessed by the modem Grass- 
hoppers — the instrument, as 
Principal Dawson remarks, 
of " the first music of living 
things that Geology as yet 
reveals to us." 

Amongst the Moilusca, the Devonian rocks have yielded a 
great number of the remains of Sea-mosses {Polysoa). Some 
of these belong to the ancient type Ptilodictya, which seems to 
^^Sappear here, or to the allied Clatkropora (fig. 90), with its 
"'■ lestrated and reticulated fronds. We meet also with the 
id delicate stems of Ceriopora (fig. gi). 
The majority of the Devonian Polyzoa belong, however, to 
the great and important Palasozoic group of the Lace-corals 
{Fmeslella, figs. 92 and 94, Retepera, fig. 93, Polypora, and 
[heir allies). In all these forms there is a homy skeleton, of a 
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fan-like or funnel-shaped form, which grew attached by its 
base to some foreign body. The frond consists of slightly- 




diverging or nearly parillel branches nhich are either united 
by delicate cross birs ornhich bend all emately from side to 
side and become directly united with one another at short 
intervals — m either case giving ongm to numerous oval or 




Canada. (Ori^al.) 

oblong perforations, which communicate to the whole plant- . 
like colony a characteristic netted and lace-like appearance. 
On one of its surface s^sometimes the internal, sometimes ibft j 
external — the frond carries a number of minute chambeis t, 
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cells," which are generally bome in rows on tiie branches, 
and of which each originally contained a minute animal. 

The BraMopods still continue to be represented in great 
force through all the Devonian deposits, though not occurring 
the true Old Red Sandstone. Besides such old types as 
'hiSf Sirophomcna, Lingula, Athyris, and Rhytuhotidla, we 
some entirely new ones ; whilst various types which only 
icnced their existence in the Upper Silurian, now under- 
great expansion and development. This last is especially 
le case with the two families of the Spirifmdce and the Pro- 
tktctida. The Sptriftrs, in particular, are especially character- 
istic of the Devonian, boili in the Old and New Worlds — some 
of the most typical forms, such as Spiri/cra mucnmata (fig, 96), 
having the shell " winged," or with the lateral angles prolonged 




to such an extent as to have earned for them the popular name 
of *' fossil-butterflies." The closely-allied Spinfcra disjunda 
occurs in Britain, France, Spain, Belgium, Germany, Russia, 
and China. The family of the Prodxictida commenced to exist 
in the Upper Silurian, in the genus Chonftes ; and we sliall 
hcieafter find it culminating in the Carboniferous in many 
fomis of the great genus Praducta* itself. In the Devonian 
jieriod, there is an intermediate state of things, the genus 
Chonetes being continued in new and varied types, and the 
Carboniferous Productie being represented by many forms of 
the allied group Produdella. Amongst other well-known De- 
ntan Brachiopods may be mentioned the two long-lived and 
Bsistent types Atiypa relkularU (fig. 97) and Strophometia 
'mdioidalis (fig. 98). The former of these commences in the 
^ppcr Silurian, but is more abundantly developed in the De- 
vonian, having a geographical range that is nothing less than 
Borid-wide; whilst the latter commences in the Lower Silurian, 
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and, with an almost equally cosmopolitan range, survives ii 
the Carboniferous period. 




The Bivalves {LameUibramhiata) of the Devonian call for 
no special comment, the genera Pterinea and Megalodon being, 





Fig. rfi.—Stnifluimc«a 



perhaps, the most noticeable. The Univalves {Gasteropods), 
also, need not be discussed in detail, though many interesting 
forms of this group are known. Tlie type most abundantly 
represented, especially in America, is Plalyceras (fig. gg), 
comprising thin, wide- 
mouthed shells, probably 
most nearly allied to the 
existing "Bonnet-limpet^** 
and sometimes attainii^ i 
very considerable dimea.— ^ 
Kions. We may also not^ 
the continuance of tli^ 
genus Euomphalus, wiLh 
its discoidal spiral shell. 
Amongst the HdeTopofx, 
the survival of Bellerophef^ 
Winged-snails," or Pleropodi, WC 
forms of the old genera TentaculUts and Com ' '' 
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_ )o). The latter, with its fragile, conical, and oflcn beaiiti- 
' fully ornamented shell, is especially ngticeable. 

The remains of Cephalopoda are far from uncommon in llie 
Devonian deposits, all the known forms 
being still Tetrabranchiate. Besides the 
ancient types Orthoceras and Cyrtoceras, 
we have now a predominance of the 
spirally-coiled chambered shells of Goni- 
atiles and Clymenta. In the former of 
these the shell is shaped like that of the 
Nautilus; but the partitions between the 
chambers (" septa ") are more or less 
lobed, folded, or angulated, and the 
" siphuncle " runs along the ^a(k or con- 
vex side of the shell— these being char- 
acters which approximate Goniatites to 
the true Ammonites of the later rocks. 
In Clymmia, on the other hand, whilst 
the shell (fig, lot) is coiled 

spiral, and the partitions or septa are ue"™>oi'. turop- 
simple or only slightly lobed, there is still 
this difference, as compared with the Nautilus, that the 
the siphuncle is placed on the iwier or concave side 





HISTORICAL PALEONTOLOGY. 

their range ; and some of ihe limestones of this period in 
Germany are so richly charged with fossils of this genus as to 
have received the name of " Clymenien-kalk." 

The sub-kingdom of the Verttbrates is still represented by 
Fishes only ; but these are so abundant, and belong to such 
varied types, that the Devonian period has been appropriately 
called the " Age of Fishes." Amongst the existing fishes there 
are three great groups which are of special geological import- 
ance, as being more or less extensively represented in past time. 
These groups are : (i) The Bony Fis/ies {TdeosUi), comprising 
most existing fishes, in which the skeleton is more or less com- 
pletely converted into bone ; the tail is symmetrically lobed or 
divided into equal moieties ; and the scales are usually thin, 
homy, flexible plates, which overlap one another to a greater 
or less extent. (2} The Ganoid Fishes {Ganaidei), comprising 
the modern Gar-pikes, Sturgeons, &c., in which the skeleton 
usually more or less completely retains its primitive soft and 
cartilaginous condition ; the tail is generally markedly unsym- 
metrical, being divided into two unequal lobes ; and the scales 
(when present) have the form of plates of bone, usually cov- 
ered by a layer of shining enamel. These scales may overlap ; 
or they may be rhomboidal plates, placed edge to edge in 
oblique rows ; or they have the form of large-sized bony plates, 
which are commonly united in the region of the head to form 
a regular buckler. (3) The Placoid Fis/tes, or Elasmobranchii^ 
comprising the Sharks, Rays, and ChimtEtce of the present day, 
in which the skeleton is cartilaginous ; the tail is unsymmetri- 
cally lobed; and the- scales have the form of detached bony 
plates of variable size, scattered in the integument 

It is to the two last of these groups that the Devonian fishes 
belong, and they are more specially referable to the Ganoids. 
The order of the Ganoid fishes at the present day comprises 
but some seven or eight genera, the species of which princi- 
pally or exclusively inhabit fresh waters, and all of which are 
confined to the northern hemisphere. As compared, there- 
fore, with the Bony fishes, which constitute the great majority 
of existing forms, the Ganoids form but an extremely small and 
limited group. It was far otherwise, however, in Devonian 
times. At this period, the bony fishes are not known to have 
come into existence at all, and the Ganoids held almost undis- 
puted possession of the waters. To what extent the Devonian 
Ganoids were confined to fresh waters remains yet to be proved ; 
and that many of them lived in the sea is certain. It was 
formerly supposed that the Old Red Sandstone of Scotland 
and Ireland, with its abundant fish-remains, might perhaps be 
a fresh-water deposit, since the habitat of its fishes is uncer- 
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tain, and it contains no indubitable marine fossils. It has 
been now shown, however, that the marine Devonian strata of 
Devonshire and the continent of Europe contain some of the 
most characteristic of the Old Red Sandstone fishes of Scot- 
land ; whilst the undoubted marine deposit of the Corniferous 
linaestone of North America contains numerous shark-like and 
Ganoid fishes, including such a characteristic Old Red genus 
as Coccosteus. There can be little doubt, therefore, but that the 
majority of the Devonian fishes were truly marine in their habits, 
though it is probable that many of them lived in shallow water, 
in the immediate neigh boiirhood of the shore, or in estuaries. 
The Devonian Ganoids belong to a number of groups; and 
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Fie. Hu.—FahHior the Devonian rocksofAnetica. a, Diagram of Iheja 
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is only possible to notice a few of the most important fonns 
here. The modem group of the Sturgeons is represented, 
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more or less remotely, by a few Devonian fishes— such as As- 
terosteus ; and the great Macropetalichthys of the Comiferous 
limestone of North America is believed by Newbeny to belong 
to this group. In this fish (fig. 103, b) the skull was of large 
size, its outer surface being covered with a tuberculated en- 
amel ; and, as in the existing Sturgeons, the mouth seems to 
have been wholly destitute of teeth. Somewhat allied, also, to 
the Sturgeons, is a singular group of armoured fishes, which is 
highly characteristic of the Devonian of Britain and Europe, 
and less so of that of America. In these curious forms the 
head and front extremity of the body were protected by a 
buckler composed of large enamelled plates, more or less 
firmly united to one another ; whilst the hinder end of the body 
was naked, or was protected with small scales. Some forms of 
this group — such as Fteraspis and Coccos/eus — date fi-om the 
Upper Silurian ; but they attain their maximum in the Devo- 
nian, and none of them are known to pass upwards into the 
overlying Carboniferous rocks. Amongst the most character- 
istic forms of this group may be mentioned Cephalaspis (fig. 
103) and Pterichthys (fig, 104). In the former of these the 



Fig. \o-i.—Cephataspis LyfUU. Old Kcd Sand&Lcnc, Scatlaiid. (After Page) 

head-shield is of a crescentic shape, having its hinder angles 
produced backwards into long " boms," giving it the shape of 
a " saddler's knife." No teeth have been discovered ; but the 
body was covered with small ganoid scales, and there was an 
unsymmetrical tail-fin. In Pterichthys — which, like the preced- 
ing, was first brought to light by the labours of Hugh Miiler — 
the whole of the head and the front part of the body were de- 
fended by a buckler of firmly-united enamelled plates, whilst 
the rest of the body was covered with small scales. The form 
of the "pectoral fins" was quite unique — these having the 
shape of two long, curved spines, somewhat like wings, covered 
by finely- tuberculated ganoid plates. All the preceding forms 
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of ihis group are of small size ; but few fishes, living or extinti, 
tould rival the proportions of the great Dinickthys, referred to 




this family by Newbeny. In this huge fish (fig, loa, a) the 
head alone is over three feet in length, and the body is sup- 
posed to have been twenty-five or thirty feet long. The head 
"as protected by a massive cuirass of bony plates firmly articu- 
lated together, but the hinder end of the body seems to have 
been simply enveloped in a leathery skin. 'I'he teeth are of 
the most formidable description, consisting in both jaws of 
serrated denla,! plates behind, and m front of enormous coni- 
cal tusks (fig. I02, a). Though immensely larger, the teeth of 
Hinic/iiAys present a curious resemblance to those of the exist- 
ing Mud-fishes {Lepiciesiren). 

In another great group of Devonian Ganoids, we meet witli 
fishes more or less closely allied to the living PolypUri (fig. 
105) of the Nile and Senegal. In this group {fig. 106) the 
pectoral fins consist of a central scaly lobe carrying the fin- 
niys on both sides, the scales being sometimes rounded and 
overlapping (fig. id6), or more commonly rhomboidal and 
placed edge to edge (fig. 105, A). Numerous forms of these 
"Fringe-finned" Ganoids occur in the Devonian strata, such 
as Holoptyckim, Glyptolamtis, Osleolepii, Phaneropleuron, &c 
To this group is also to be ascribed the huge Onychodus (fig. 
10!, rfand e), with its large, rounded, overlapping scales, an 
inch in diameter, and its powerful pointed teeth. It is to be 
remembered, however, that some of these " Fringe -finned" 
Ganoids are probably referable to the small but singular group 
of the " Mud-fishes" {Dipiot), represented at the present day 
^ the singular Lcpidosirm of South America and Africa, and 
the Ceratodus of the rivers of Queensland. 
" Leaving the Ganoid fishes, it still remaius to be noticed that 
[Be Devonian deposits have yielded the remains of a number 
s fislies more or less closely allied to the existing Sharks, 
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The majori^H- . 
to the true Sharks and 




g-fishes, but to the more peaceable " Port Jackson Sharks," 
with their bhmt teeth, adapted for crushing the shells of Mol- 
luscs. The collective name of " Cestracionts " is applied to 
these; and we have evidence of their past existence in the 




Devonian seas both by their teeth, and by the defensive spines 
which were implanted in front of a greater or less number of 
the fins. These ate bony spines, often variously grooved, 
serrated, or ornamented, with hollow bases, implanted in the 
integument, and capable of being erected or depressed at wilL 
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Many of these " fin-spines " have been preserved to us in the 
fossil condition, and the Devonian rocks have yielded examples 
belonging to many genera. As some of the true Sharks and 
Dog-fishes, some of the Ganoids, and even some Bony Fishes, 
possess similar defences, it is often a matter of some uncer- 
tainty to what group a given spine is to be referred. One of 
these spines, belonging to the genus Machizracanthus, from the 
Devonian rocks of America, has been figured in a previous 
illustration (fig. toa,/). 

In conclusion, a very few words may be said as to the 
validity of the Devonian series as an independent system of 
rocks, preserving in its successive strata the record of an 
independent system of life. Some high authorities have been 
inclined to the view that the Devonian formation has in nature 
no actual esistence, but that it is made up partly of beds 
which should be referred to the summit of the Upper Silurian, 
and partly of beds which properly belong to the base of the 
Carboniferous. This view seems to have been arrived at in 
consequence of a too exclusive study of the Devonian series 
of the British Isles, where the physical succession is not wholly 
clear, and where there is a striking discrepancy between the 
organic remains of those two members of the series which are 
known as the "Old Red Sandstone" and the "Devonian" 
rocks proper. This discrepancy, however, is not complete; 
and, as we have seen, can be readily explained on the sup- 
position that the one group of rocks presents us with the 
shallow water and littoral deposits of the period, while in the 
other we are introduced to the deep-sea accumulations of the 
same period. Nor can the problem at issue be solved by an 
appeal to the phenomena of the British area alone, be the 
^. testimony of these what it may. As a matter of fact, there is 
^^L It present no sufficient ground for believing that there is any 
^B ineconcilable discordance between tiie succession of rocks 
^V^d of life in Britain during the period which elapsed between 
^P the deposition of the Upper Ludlow and the formation of the 
Carboniferous Limestone, and the order of the same phe- 
nomena during the same period in other regions. Some of 
the Devonian types of life, as is the case with all great forma- 
'ions, have descended unchanged fi'om older types ; others 
pass upwards unchanged to the succeeding period : but the 
feuna and flora of the Devonian period are, as a whole, quite 
distinct from those of the preceding Silurian or 
Carboniferous; and they correspond to an equally distinct 
rock-system, which in point of time holds an intermediate 
position between the two great groups just mentioned. As 
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before remarked, this conclusion may be regarded as suffi- 
ciently proved even by the phenomena of the British area ; 
but it may be said to be rendered a certainty by the study of 
(he Devonian deposits of the continent of Europe — or, still 
more, by the investigation of the vast, for the most part un- 
interrupted and continuous series of sediments which com- 
menced to be laid down in North America at the beginning of 
the Upper Silurian, and did not cease till, at any rate, the close 
of the Carboniferous. 
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CHAPTER XII. 

THE CARBONIFEROUS PERIOD. 

Overlying the Devonian formation is the great and iniport- 

■JUt series of the Carboniferous Rocks, so called because workable 

is of coal are more commonly and more largely developed 

B this formation than in any other. Workable coal-seams, 

owever, occur in various other formations (Jurassic, Cretace- 

^M, Tertiary), so that coal is not an exclusively Carboniferous 

oduct; whilst even in the Coal-measures themselves the coal 

s but a very small proportion to the total thickness of 

rata, occurring only in comparatively thin beds intercalated 

a great series of sandstones, shales, and other genuine 

'queous sediments. 
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Stratigraphically, the Carboniferous rocks usually repose 
conformably upon the highest Devonian beds, so that the line 
of demarcation between the Carboniferous and Devonian for- 
mations is principally a palaontological one, founded on the 
observed differences in the fossils of the two groups. On the 
other hand, the close of the Carboniferous period seems to 
have been generally, though not universally, signalised by 
movements of the crust of the earth, so that the succeeding 
Permian beds often lie unconformably upon the Carboniferous 
sediments. 

Strata of Carboniferous age have been discovered in almost 
every large land-area which has been sufficiently investigatedi 
but they are especially largely developed in Britain, in various 
parts of the continent of Europe, and in North America. 
Their general composition, however, is, comparatively speak- 
ing, so uniform, that it will suffice to take a comprehensive 
view of the formation without considering any one area in 
detail, though in each region the subdivisions of the formation 
ate known by distinctive local names. Taking such a com- 
prehensive view, it is found that the Carboniferous series is 
generally divisible into a Lower and essentially calcareous 
group (the " Sub-Carboniferous " or " Carboniferous Lime- 
stone"); a Middle and ijrincipally arenaceous group (the 
" Millstone Grit "); and an Upper group, of alternating shales 
and sandstones, with workable seams of coal (the " Coal- 
measures "). 

I. The Carboniferous, Sub-Carboniferous, ar Afountain Lime- 
stone Series constitutes the general base of the Carboniferous 
system. As typically developed in Britain, the Carboniferous 
Limestone is essentially a calcareous formation, sometimes 
consisting of a mass of nearly pure limestone from looo to 
2000 feet in thickness, or at other times of successive greafc 
beds of limestone with subordinate sandstones and shales— 
In the north of England the base of the series consists o^ 
pebbly conglomerates and coarse sandstones; and in Scot::-— 
land generally, the group is composed of massive sandstone-^ 
with a comparatively feeble development of the calcareous 
element. In Ireland, again, the base of the Carbon iferoi»s 
Limestone is usually considered to be formed by a locally- 
developed group of grits and shales (the " Coomhola Grits " 
and "Carboniferous Slate"), which attain the thickness o/ 
about 5000 feet, and contain an intermixture of Devonian 1 
vrith Carboniferous types of fossils. Seeing that the Devonian [ 
formation is generally conformable to the Carboniferous, we [ 
need feel no surprise at this intermixture of forms ; nor does if m 
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appear to be of great moment whether these strata be referred 
to the former or to the latter series. Perhaps the most satis- 
fectory course is to regard the Coomhola Grits and Carbon- 
iferous Slates as "passage-beds" between the Devonian and 
Carboniferous ; but any view that may be taken as to the 
position of these beds, really leaves unaffected the integrity 
of the Devonian series as a distinct hfe-system, which, on the 
■whole, is more closely allied to the Silurian than to the Car- 
boniferous. In North America, lastly, the Sub-Carboniferous 
series is never purely calcareous, though in the interior of the 
continent it becomes mainly so. In other regions, however, 
it consists principally of shales and sandstones, with subor- 
dinate beds of limestone, and sometimes with thin beds of 
coal or deposits of clay-ironstone. 

II. The Millstone Grii.—Thi; highest beds of the Carbon- 
iferous Limestone series are succeeded, generally with perfect 
conformity, by a secies of arenaceous beds, usually known as 
the Millstone Grit. As typically developed in Britain, this 
group consists of hard quartzose sandstones, often so large- 
grained and coarse in texture as to properly constitute fine 
conglomerates. In other cases there are regular conglomer- 
ates, sometimes witli shales, limestones, and thin beds of coa! — 
the thickness of the whole series, when well developed, varying 
from looo to 5000 feet. In North America, the Millstone 
Grit rarely reaches 1000 feet in thickness ; and, like its Brit- 
ish equivalent, consists of coarse sandstones and grits, some- 
rimes with regular conglomerates. Whilst the Carboniferous 
Limestone was undoubtedly deposited in a tranquil ocean 
of considerable depth, the coarse mechanical sediments of 
the Millstone Grit indicate the progressive shallowing of 
the Carboniferous seas, and the consequent supervention 

' shore-conditions. 

III. The Coal-measures.—Tae. Coal-measures properly so 
ted rest conformably upon the Millstone Grit, and usually 

consist of a vast series of sandstones, shales, grits, and coals, 
sometimes with beds of limestone, attaining in some regions a 
total thickness of from 7000 to nearly 14,000 feet. Beds of 
workable coal are by no means unknown in some areas in the 
inferior group of the Sub-Carboniferous; but the general state- 
ment is true, tliat coal is mostly obtained from the true Coal- 
measures — the largest known, and at present most produc- 
tive coal-fields of the world being in Great Britain, North 
America, and Belgium. Wherever they are found, with 
limited exceptions, the Coal - measures present a singular 
general miiformity of mineral composition. They consist, 
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namely, of an indefinite alternation of beds of sandstone, 
shale, and coal, sometimes with bands of clay-ironstone or beds 
of limestone, repeated in no constant order, but sometimes 
attaining the enormous aggregate thickness of 14,000 feet, or 
little short of 3 miles. The beds of coal differ in number and 
thickness in different areas, but they seldom or never exceed 
one-fiftieth part of the total bulk of the formation in thickness. 
The characters of the coal itself, and the way in which the 
coal-beds were deposited, will be briefly alluded to in speaking 
of the vegetable life of the period. In Britain, and in the Old 
World generally, the CoaJ-measures are composed partly of 
genuine terrestrial deposits — such as the coal — and partly of 
sediments accumulated in the fresh or brackish waters of vast 
lagoons, estuaries, and marshes. The fossils of the Coal- 
measures in these regions are therefore necessarily the remains' 
either of terrestrial plants and animals, or of such forms of 
life as inhabit fresh or brackish waters, the occurrence of strata 1 
with marine fossils being quite a local and occasional phe- ! 
nomenon. In various parts of North America, on the other 
hand, the Coal-measures, in addition to sandstones, shales, 
coal-seams, and bands of clay-ironstone, commonly include 
beds of limestone, charged with marine remains, and indicating ' 
marine conditions. The subjoined section (fig. 107) gives, in 
a generalised form, the succession of the Carboniferous strata 
in such a British area as the north of England, where the series 
is developed in a typical form. 

As regards the lifi of the Carboniferous period, we naturally 
find, as has been previously noticed, great differences in dif- 
ferent parts of the entire series, corresponding to the different 
mode of origin of the beds. Speaking generally, the Lower 
Carboniferous (or the Sub-Carboniferous) is characterised by 
the remains of marine animals ; whilst the Upper Carbon- 
iferous (or Coal-measures) is characterised by the remain* 
of plants and terrestrial animals. In all those cases, how — 
ever, in which marine beds are found in the series of th^s 
Coal-measures, as is common in America, then we find that th^ 
fossils agree in their general characters with those of the olde«- 
marine deposits of the period. 

Owing to the fact that coal is simply compressed and othe-r- 
wise altered vegetable matter, and that it is of the highest 
economic value to man, the Coal-measures have been more , 
thoroughly explored than any other group of strata of equivs*- j 
lent thickness in the entire geological series. Hence we hav« I 
already a very extensive acquaintance with the plants of tl>* I 
Carboniferous period ; and our knowledge 00 this subject iS J 
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ily undergoing increase. It is not to be supposed, however, 
it the remains of plants are found solely in the Coal- 







Bieasures ; for though most abundant towards the sumniit, 
Ihey are found in less numbers in all parts of the series, 
ftlierever found, they belong to the same great types of vege- 
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tation ; but, before reviewing these, a few words must be said 
as to the origin and mode of formation aicoal. 

The coal-beds, as before mentioned, occur interstratified 
with shales, sandstones, and sometimes limestones ; and there 
may, within the limits of a single coal-field, be as many as So 
or loo of such beds, placed one above the other at different 
levels, and varying in thickness from a few inches up to 20 or 
30 feet. As a genera! rule, each bed of coal rests upon, a bed 
of shale or clay, which is termed the " under-clay," and in 
which are found numerous roots of plants ; whilst the strata 
immediately on the top of the coal may be shaly or sandy, 
but in either case are generally charged with the leaves and 
stems of plants, and often have upright trunks passing vertically 
through them. When we add to this that the coal itself is, 
chemically, nearly wholly composed of carbon, and that its 
microscopic structure shows it to be composed almost entirely 
of fragments of stems, leaves, bark, seeds, and vegetable dibris 
derived from land-plants, we are readily enabled to understand 
how the coal was formed. The "under-clay" immediately 
beneath the coal-bed represents an old land-surface — some- 
times, perhaps, the bottom of a swamp or marsh, covered 
with a luxuriant vegetation ; the coal-bed itself represents the 
slow accumulation, througli long periods, of the leaves, seeds, 
fruits, stems, and fallen trunks of this vegetation, now hardened 
and compressed into a fraction of its original bulk by tlie pres- 
sure of the superincumbent rocks ; and the strata of sand or 
shale above the coal-bed— the so-called "roof" of the coal — 
represent sediments quietly deposited as the land, after a long 
period of repose, commenced to sink beneath the sea. On 
this view, the rank and long-continued vegetation which gave 
rise to each coal-bed was ultimately terminated by a slow 
depression of the surface on which the plants grew. The 
land-surface then became covered by the water, and aqueous 
sediments were accumulated to a greater or less thickness upon 
the dense mass of decaying vegetation below, envelojnng any 
trunks of trees which might still be in an erect position, and 
preserving between their layers the leaves and branches of 
plants brought down from the neighbouring land by streams, 
or blown into the water by the wind. Finally, there set in a 
slow movement of elevation, — the old land again reappeared 
above the water; a new and equally luxuriant vegetation 
flourisjred upon the new land-surface ; and another coal-bed 
was accumulated, to be preserved ultimately in a similar 
fashion. Some few beds of coal may have been formed by 
drifted vegetable matter brought down into the ocean by rivers. 
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lod deposited directly on the bottom of the sea ; but in the 
lajority of cases the coal is undeniably the result of the slow 
Jrowth and decay of plants in silu; and as the plants of the 
,1 are not marine plants, it is necessary to adopt some such 
Bieory as the above to account for the formation of coal- 
(i^mas. By this theory, as is obvious, we are compelled to 
suppose that the vast alluvial and marshy flats upon which the 
eoal-plants grew were liable to constantly-recurring oscillations 
f level, the successive land-surfaces represented by the suc- 
cessive coal-beds of any coal-field being thus successively 
mried beneath accumulations of mud or sand. We have no 
^d, however, to suppose that these oscillations affected large 
■eas at the same time; and geology teaches us that local 
Ovations and depressions of the land have been matters of 
SOnstant occurrence throughout the whole of past time. 

All the varieties of coal (bituminous coal, anthracite, cannel- 
'oal, &c.) show a more or less distinct " lamination " — that is 

say, they are more or less obviously composed of successive 
Biin layers, differing slightly in colour and texture. All the 
varieties of coal, also, consist chemically of carbon, with vary- 
ing proportions of certain gaseous constituents and a small 
amoLint of incombustible mineral or "ash." By cutting thin 
and transparent shoes of coal, we are further enabled, by 
means of the microscope, to ascertain precisely not only that 
ihe carbon of the coal is derived from vegetables, but also, in 
miny cases, what kinds of plants, and what parts of these, enter 

I into the formation of coal. When examined in this way, all 
^L coals are found to consist more or less entirely of vegetable 
^B|Batter ; but there is considerable difference in different coals as 
^Vto the exact nature of this. By Professor Huxley it has been 
^P shown that many of the English coals consist largely of ac- 
cumulations of rounded discoidal sacs or bags, which are 
unquestionably the seed-vessels or "spore-cases" of certain of 
ibe commoner coal-plants (such as the Lepidodetidrd). The 
best bituminous coals seem to be most largely composed of 
Uiese spore-cases ; whilst inferior kinds possess a progressively 
easing amount of the dull carbonaceous substance which is 
bown as "mineral charcoal," and which is undoubtedly com- 
d of "the stems and leaves of plants reduced to little 
lEore than their carbon." On the other hand. Principal Daw- 
Son finds that the American coals only occasionally exhibit 
spore-cases to any extent, but consist principally of the cells, 
Vessels, and fibres of the bark, integumentary coverings, and 
"oody portions of the Carboniferous plants. 

1 The uumber of plants already known to have existed during 
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the Carboniferous period is so great, that nothing more can' 
done here than to notice briefly tlie typical and cliaracteristic 
groups of these — such as tiie Ferns, the Calamites, the Lepido- 
dendroids, the Sigillarioids, and the Conifers, 

In accordance with M. Brongniart's generalisation, that 
the Palffiozoic period is, botanically speaking, the "Age of 
Acrogens," we find the Carboniferous plants to be still mainly 
referable to the Floweriess or *■ Cryptogamous " division of the 
vegetable kingdom. The flowering or " Phanerogamous " 
plants, which form the bulk of our existing vegetation, are hardly 
known, with certainty, lo have existed at all in the Carbon- 
iferous era, except as represented by trees related to itie exist 
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Pines and Firs, and possibly by the Cycads or " false palms."* 
Amongst the "Cryptogams," there is no more striking or 
beautiful group of Carboniferous plants than the Ferns. Re- 
mains of tliese are foimd all through the Carboniferous, but in 
exceptional numbers in the Coal-measures, and include both 
herbaceous forms like the majority of existing species, and 
arborescent forms resembling the living Tree-ferns of New- 
Zealand, Amongst the latter, together with some new types, 
are examples of the genera Psaromus and CauUpleris, both of 

* Whilst the v^elation of the Coalperioil was inainly a terrestrial one, 
aquatic plants are not unknown. Sca-weeda f^nch as the SpirBphyleH 
eaiida-GaUi) are common in some of Ihe marine strata ; whilst coal, 
ac«irding to ihe researches of Ihe Abbe Caslracane, is asserted commonly 



n the siliceous etiTelopes of Diatoms. 



THE CARBONIFEROUS PERIOD. l6g 

I whiJi date from the Devonian. The simply herbaceous ferns 
I ate extremely numtruuB, and belong' to such ividely-distributcfl 




nnd largely-represented genera as Neuropta-is, Odontopteris (fig. 
^08), Alethopterh, Pecopterh, SphempterU, HymawphylliUs, &c. 
The fossils known as Calamites (tig. 109) aru very c 
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ill the Carboniferous deposits, and have given occasion toS 
abundance of research and speculation. They present them- 
selves as prostrate and flattened striated stems, or as similar 
uncompressed stems growing in an erect position, and some- 
times attaining a length of twenty feet or more. Externally, the 
stems are longitudinally ribbed, with transverse joints at regular 
intervals, these joints giving origin to a whorl of branchlets, 
which may or may not give origin to similar whorls of smaller 
branchlets still. The stems, further, were hollow, with trans- 
verse partitions at the joints, and having neither true wood nor 
bark, but only a thin externa! fibrous shell. There can be little 
doubt but that the Calamifes are properly regarded as colossal 
representatives of the little Horse-tails f^Equisdacea) of the 
present day. They agree with these not only in the general 
details of their organisation, but also in the fact that the fruit 
was a species of cone, bearing "spore-cases" under scales. 
According to Principal Dawson, the Calatniies " grew in dense 
brakes on the sandy and muddy flats, subject to inundation, 
or perhaps even in water ; and they had the power of budding 
out from the base of the stem, so as to form clumps of plants, 
and also of securing their foothold by numerous cord-like roots 
proceeding from various heights on the lower part of the 

The Lepidodetidroids, represented mainly by the genus 
Lepidodendron itself (fig. no), were large tree-like plants, 
which attain their maximum in the Carboniferous period, but 
which appear to commence in the Upper Silurian, are well 
represented in the Devonian, and survive in a diminished form 
into the Permian, The trunks of the larger species of Lcpido- 
detidron at times reach a length of fifty feet and upwards, giv- 
ing off branches in a regular bifurcating manner. The bark 
is marked with numerous rhombic or oval scars, arranged in 
quincunx order, and indicating the points where the long, 
needle-shaped leaves were formerly attached. The fruit con- 
sisted of cones or spikes, carried at the ends of the branches, 
and consisting of a central axis surrounded by overlapping 
scales, each of which supports a "spore-case" or seed-vessel 
These cooes have commonly been described under the name 
oi Lepidpstrobi. In the structure of the trunk there is nothing 
comparable to what is found in existing trees, there being 
a thick bark surrounding a zone principally composed of 
"scalariform" vessels, this in turn enclosing a large central pith. 
In their general appearance the Lepidodendra bring to mind 
the existing Araucarian Pines ; but they are true " Crypto- 
gams," and are to be regarded as a gigantic extinct type of the 
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The so-called Sigiiinrioids, represented mainly by Sigtllaria 
itself (fig. 1 1 1), were no less abundant and characteristic of the 
Carboniferous forests than the I^pidodendra. They commence 
their existence, so far as known, in the Devonian period, but 
they attain their maximum in tlie Carboniferous ; and — unlike 
the Lepidodendroids — they are not known to occur in liie 
Permian period. They are comparatively gigantic in si^e, 
often attaining a height of from thirty to fifty feet or more; 
but though abundant and well preserved, great divergence of 
opinion prevails as to their true affinities. The name of Sigil- 
larioids (Lat sigilla, little seals or images) is derived from the 
fact that the bark is marked with seal-like impressions or leaf 
scar, (fig. . I,). 

Externally, the trunks o{ Sigtllaria present strong longitudinal 
ridges, with vertical alternating rows of oval leaf scars, indicating 





the points where the leaves were originally attached. The trunk 
was furnished with a large central pith, a tliick outer bark, and 
an intermediate woody zone, — ^composed, according to Dawson, 
partly of the disc-bearing fibres so characteristic of Conifera; 
but, according to Carruthers, entirely made up of the " scalari- 
form " vessels characteristic of Cryptogams. The size of the 
pith was very great, and the bark seems to have been the most 
durable portion of the trunk. Thus we have evidence that 
n mary cases the stumps and " stools " of Sigiiiarice, standing ■ 
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Epright in the old Carboniferous swamps, were completely 
hollowed out by internal decay, till nothing but au exterior 
shell of bark was left Often these hollow stumps becanje 
ultimately filled up with sediment, sometimes enclosing the 
remains of galley-worms, land-snails, or Amphibians, which 
formerly found in the cavity of the trunk a congenial home ; 
and from the sandstone or shale now filling such trunks some 
of the most interesting fossils of the Coal-period have been 
obtained. There is little certainty as to either the leaves or 
fruits of Sigillaria, and there is equally little certainty as to the 
true botanical position of these plants. Uy Principal Dawson 
ihey are regarded as being probably flowering plants allied to 
ihe existing " false palms" or " Cycads ;" but the high author- 
iiy of Mr Carruthers is to be quoted in support of the belief 
lliat they are Cr}-ptogamic, and most nearly allied to the Club- 
mosses. 

Leaving the botanical position of Sigillaria thus undecided, 
we find that it is now almost universally conceded that the 
I fossils originally described under the name of Sttgnmria are 
I the roots of Sigillaria, the actual connection between the two 
' g been in numerous instances demonstrated in an unmis- 
Jlakable manner. Ihc Sligmaria (fig. 112) ordinarily present 
I themselves in the form of long, compressed or rounded frag- 




Blents, the external surface of which is covered with rounded 
ir shallow tubercles, each of which has a little pit or de- 
jiression in its centre. From each of these pits there proceeds, 
J n perfect examples, along cylindrical rootlet; but in many 
cases these have altogether disappeared. In their internal 
stmcture, Stigmaria exhibits a central pith surrounded by a 
sheath of scalariform vessels, the whole enclosed in a cellular 
envelope. The Stigmarix are generally found ramifying in 
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the "imder-clay," which forms the floor of a bed of coa], 
which represents the ancient soil upon which the Sigiliarix grew. 
The Lepidodendroids and Sigillarioids, though the first were 
certainly, and the second possibly, Cryptogamic or flowerless 
plants, must have constituted the main mass of the forests of 
the Coal period ; but we are not without evidence of the exist- 
ence at the same time of genuine " trees," in the technical 
sense of this term — namely, flowering plants with large woody 
stems. So far as is certainly known, all the true trees of the 
Carboniferous formation were Conifers, allied to the existing 
Pines and Firs. They are recognised by the great size and 
concentric woody rings of their prostrate, rarely erect trunks, 
and by the presence of disc-bearing fibres in their wood, as 
demonstrated by the microscope ; and the principal genera 
which have been recognised are Dadoxylon, Palaoxyhm, 
Araucarioxylon, and PiniUs. Their fruit is not known with 
absolute certainty, unless it be represented, as often conjectured, 
by Trigonocarpon (fig. 113). The fruits known under this 
name are nut-like, often of consider- 

§able size, and commonly three- or six- 
angled. They probably originally pos- 
sessed a fleshy envelope ; and if truly 
referable to the Conifers, they would 
indicate that these ancient evergreens 
produced berries instead of cones, 
Fig, \x-^- TrigoKocar^a and thus rescmbled the modem Yews 
(ArKr"undriyTird"H^;t™.r"' rather than the Pines. It seems, 
further, that the great group of the 
Cycatis, which are nearly allied to the Conifers, and which 
attained such a striking prominence in the Secondary period, 
probably commenced its existence during the Coal period; 
but these anticipatory forms are com |)a rati vely few in number, 
and for the most part of somewhat dubious afiinities. 



CHAPTER XIII. 
THE CARBONIFEROUS PERIOD— CoHti>med.\ 

Animal Life of the Carboniferous. 

We have seen that there exists a great difference as t 
mode of origin of the Carboniferous sediments, s 
purely marine, whilst others are terrestrial; and others, ^ 
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lave been formed iu inland swamps and morasses, or in brack- 
ish-water lagoons, creeks, or estuaries. A corresponding dif- 
ference exists necessarily in the animal remains of these de- 
posits, and in many regions this difference is extremely well 
marked and striking. The great marine limestones which 
characterise the lower portion of the Carboniferous series in 
Britain, Europe, and tlie eastern portion of America, and the 
calcareous beds which are found high up in the Carboniferous 
ill the western States of America, may, and do, often contain 
tlie remains of drifted plants ; but they are essentially charac- 
terised by marine fossils; and, moreover, they can be demon- 
strated by the microscope to be almost wholly composed of 
the remains of animals which formerly inhabited the ocean, 
On the other hand, the animal remains of the beds accompany- 
icg the coal are typically the remains of air-breathing, terres- 
trial, amphibious, or aerial animals, together with those whicli 
inhabit fresh or brackish waters. Marine fossils may be found 
in the Coal-measures, but ihey are invariably confined to spe- 
cial horizons in the strata, and they indicate temporary depres- 
sions of the laud beneath the sea. Whilst the distinction here 
mentioned is one which cannot fail to strike the observer, it is 
tcfflvenient to consider the animal life of the Carboniferous as 
a whole ; and it is simply necessary, in so doing, to remember 
thai the marine fossils are in general derived from the inferior 
portion of tlie system ; whilst the air-breathing, fresh-water, and 
bractish-waler forms are almost exclusively derived from the 
superior portion of the same. 

The Carboniferous Prolosoans consist mainly of Foramini- 
ffra and Spotigcs. The iatterarestill very insufficiently known, 
but the former are very abundant, and belong to very varied 
types. Thin slices of the limestones of the period, when ex- 
amined by the microscope, very commonly exhibit the shells 
of Foramintfera in greater or less plenty. Some limestones, 
indeed, are made up of little else than these minute and elegant 
'lielis, often belonging to types, such as the Textularians and 
Roialians, differing little or not at all from those now in exist- 
ence. This is the case, for example, with the Carboniferous 
I-itnestone of Spergen Hill in Indiana (fig. 114), which is 
iiniost wholly made up of tlie spiral shells of a species of 
i-ndothyra. In the same way, though to a less extent, the 
lilack Carboniferous marbles of Ireland, and the similar mar- 
D bles of Yorkshire, the limestones of the west of England and 
^■[Derbyshire, and the great " Scar Limestones" of the north 
^H&igland, contain great numbers of Foraminiferous shells; 
^Klst similar organisms commonly occur in the shale-beds 
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associated with the limestones throughout the Lower Carbo?i- 
iferous series. One of the most interesting of the British Car- 
boniferous forms is the Sa{- 
cammma of Mr Henry Brady, 
\hich IS sometimes present in 
considerable numbers in the 
limestones of Northumberland, 
t umberhnd, and the wMt 
of Scotland and which is 
picuous for the com])arative]y 
large size of its spheroidal or 
]"ear shaped shell (reaching 
from an eighth to a'fifth of; 
mchmsize) More widely dis- 
tributed are the generally spin- 
dle-shaped shells ai Fusulina 
{fig. I r5), which occur in vast 
numbers in the Carboniferous 
Limestone of Russia, Arme- 
nia, the Southern Alps, an'! 
Spain, similar forms occurring in equal profusion in tlie higiier 
limestones which are found in the Coal-measures of the United 
States, in Ohio, Illinois, 
Indiana, Missouri, &c Mr 
Henry Brady, lastly, has 
shown that we have in the 
Nutnmulina pristina of the 
^'*' "iiii^^^Wi?if"''R^ia^"^''" Carboniferous Limestone of 
Namur a genuine Nummtt- 
Ute, precursor of the great and important family of the Terliaiy 
Nummulites. 

Tlie sub-kingdom of the Catmierates, so far as certainly 
known, is represented only by Corah;* but the remains of 
these are so abundant in many of the limestones of the Car- 
boniferous formation as to constitute a feature little or not at 
all less conspicuous than that afforded by the Crinoids. As is 
the case in the preceding period, the Corals belong, almost 
exclusively, to the groups of the Rtigosa and Tabulata; aild 
there is a general and striking resemblance and relationship 
between the coral-fauna of the Devonian as a whole, and that 

' A singular fossil has been described by Professoi 
Mr Jenkins from llie Carboniferous rocks under the name of Pala» 
and lins lieen referred, to the Hydroid Zoophytes (CoTynida\. 

however, has been thrown by other observers on th" — — ■ 

reTcience. 
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fethe Carboniferous. Nevertlieless, there is an equally decid- 
ed and striking amount of difference between these successive 
faunas, due to the fact that the great majority of the Carbon- 
iferous species are new ; whilst some of the most characteristic 
Devonian genera have nearly or quite disappeared, and several 
new genera now make tlieir appearance for the first time. 
Thus, the charac tens lie Devonian iy^es If eliop/iy Hum, Pachy- 
phylhim, Chonophyllum, Acervularia, Spongophyllum, Smiikia, 
Eiuiophyllum, and Cystiphyllum, have now disappeared; and 
die great masses of FavosHes which are such a striking feature in 
the Devonian limestones, are represented but by one or two 
degenerate and puny successors. On the other hand, we meet 
in the Carboniferous rocks not only with entirely new genera- 
such as Axophyllum, Lophophyllum, and Leniisdaleia—hnt we 
have an enormous expansion of certain types which had just 
I to eitist in the ]>receding period. This is especially 
bU seen in the case of the genus Lithostrotion (fig. 116, b), 
hich more than any other may be considered as the ptedo- 
inant Carboniferous group of Corals. All the species of 
^iihostrotion are compound, consisting either of bundles of 
wsely- approximated cylindrical stems, or of similar "coral- 
itcs" closely aggregated together into astneiform colonies, and 
ndered polygonal by mutual pressure. This genus has a 
1 interest, as having been noticed as early as in the 
r 1699 by Edward Lhwyd ; and it is geologically important 
nits wide distribution in the Carboniferous rocks of both 
« Old and New AVorlds. Many species are known, and whole 
cds of limestone are often found to be composed of little else 
n the skeletons of tliese ancient corals, still standing upright 
: they grew. Hardly less characteristic of the Carboniferous 
1 the above is the great group of simple "cup-corals," of 
liich Clisiophylium is the central type. Amongst types which 
Rimenced in the Silurian and Devonian, but which are still 
Jl represented here, may be mentioned Syringopora (fig. 116, 
,with its colonies of delicate cylindrical tubes united at in- 
rvals by cross-bars; Zaphrentis (fig. 116, d), with its cup- 
aped skeleton and the well-marked depression {or "fossnla") 
i one side of the calice ; Amplexus (fig. 116, c\ with its 
lindrical, often irregularly swollen coral and short septa; 
nihophyUum (fig. ri6, a), sometimes simple, sometimes form- 
% great masses of star-like corallites ; and Chaietes, with its 
Inched stems, and its minute, " tabulate" tubes (fig, 116,/). 
fee above, together with other and hardly less characteristic 
i, combine to constitute a coral-fauna which is not only in 
r perfectly distinctive, but which is of especial interest. 
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from the fact that almost all the varied types of which it is 
d disappeared utterly hefore the cluse of the Carbon- 





ifcrouB Limestone, a. Cynliafi^llti'n faracillil.i«^ 
from ihe disc of the aid one ; ij'. Oni of Ihe coraffiB 
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iferous period. In the first marine sediments of a calcareow ■ 
nature which succeeded to the Coal-measures (the magneMB 
limestones of the Permian), the great group of the Jiugpst 
corals, which flourislied so largely throughout the Silurian, De- 
vonian, and Carbonirerous periods, is found to have all bitt" 
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disappeared, and it is never again represented save spoiadi- 
cally and by isolated forms. 

Amongst the Echinodemis, by far the most important forms 
are the Sea-hlies and the Sea-urcliins — the former from their 
great abundance, snd the latter from their singular structure ; 
but the Httle group of the " Pentremites " also requires to be 
noticed. The Sea-liHes are so abundant in the Carboniferous 
rocks, that it has been proposed to call the earlier portion of 
the period the "Age of Crinoids." Vast masses of the lime- 
stones of the period are " crinoidal," being more or less ex- 
tensively composed of the broken columns, and detached plates 
and joints of Sea-lilies, whilst perfect " heads " may be exceed- 
ingly rare and difficult to procure. In North America the re- 
mains of Crinoids are even more abundant at this horizon than 
in Britain, and the specimens found seem to be commonly 
more perfect. The commonest of the Carboniferous Crinoids 
belong to the genera Cyathocriiius, Actimcrinus, Platycrinus, 
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these and the Cystideans, is the little group of the "Pentre- 
mites," or £laslouis (fig. 118). This group is first known to 
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have commenced its existence in the Upper Silurian, and it 
increased considerably in numbers in the Devonian; but it 
was in the seas of the Carboniferous period-that it attained its 
maximum, and no certain representative of the family has bera 
detected in any later deposits. The " Pentremiles " resemblfr 
the Crinoids in having a cup-shaped body {fig. 1 18, A) enclosed 
by closely-fitting calcareous plates, and supported on a short 
stem or " column," composed of numerous calcareous pieoei 
flexibly articulated together. They differ from the Crinud^ 
however, in the fact that the upper surface of the body doe* 
not support the crown of branched feathery "arms," which ai^ 
so characteristic of the latter. On the contrary, the summit Ol 
the cup is closed up in the fashion of a fiower-bud, whence th 
technical name of Blastotdea applied to the group (Gr. Mas^ 
a bud ; eidos, form). From the top of the cup radiate five bro« 
transversely-striated areas (fig, 118, C), each with a longitiM 
nal groove down its middle; and along each side of faqh. 
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hese grooves tliere seems to have been attached a ro«' cf 
ihort jointed calcareous filaments or "pinnules." 

A few Star-fishes and Briltle-stars are known to occur in the 
:;:arboniferous rocks ; but the only other Echinodernis of this 
leriod which need be noticed are the Sea-urchins {EcAinouis). 
Detached plates and spines of these are far from rare in the 
Carboniferous deposits; but anything like perfect specimens 
are exceedingly scarce. The Carboniferous Sea-urchins agree 
with those of the present day in having the body enclosed in 
a shell, formed by an enormous number of calcareous plates 
articulated together. The shell may be regarded as, typically, 
nearly spherical in shape, with the mouth in the centre of the 
base, and the excretory opening or vent at its summit. In both 
ihe ancient forms and the recent ones, the plates of the shell 
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ftarranged in ten zones which generally radiate from the 
'[ to the centre of the base. In five of these zones- 
led the " ambulacral areas " — the plates are perforated by 
Riute apertures or "pores," through which the animal can 
protrude the little water-tubes (" tube-feet ") by which its loco- 
motion is carried on. In the other five zones— the so-called 
"inter-ambulacra! areas" — the plates are of larger size, and 
are not perforated by any apertures. In all the modem Sea- 
urchins each of these ten zones, whether perforate or imper- 
forate, is composed of two rows of plates ; and there are thus 
twenty rows of plates in all. In the Paleozoic Sea-urchins, on 
the other hand, the "ambulacral areas" are often like those 
of recent forms, in consisting of tttio rows of perforated plates 
;i9)i but the " inter-ambulacral areas" are always quite 
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peculiar in consisting each of three, four, five, or more rows of 
large imperforate plates, whilst there are sometimes four or ten 
rows of plates in the " ambulacral areas " also : so that there 
are many more than twenty rows of plates in the entire shell. 
Some of the Paleozoic Sea-urchins, also, exhibit a very pecu- 
liar singularity of structure which is only known to exist in a 
very few recently-discovered modern forms (viz., Calveria and 
Phormosoma). The plates of the inter -ambulacral areas, 
namely, overlap one another in an imbricating manner, so as 
to communicate a certain amount of flexibility to the shell ; 
whereas in the ordinary living forms these plates are firmly 
articulated together by their edges, and the shell forms a rigid 
immovable box. The Carboniferous Sea-urchins which ex- 
hibit this extraordinary peculiarity belong to the genera Lepi- 
dechinus and Lepidesthes, and it seems tolerably certain that 
a similar flexibility of the shell existed to a less degree in 
the much more abundant genus Archaoeidaris. The Carbon- 
iferous Sea-urchins, like the modem ones, possessed movable 
spines of greater or less length, articulated to the exterior of 
the shell ; and these stnictures are of very common occur- 
rence in a detached condition. The most abundant genera 
are Archaoddaris and Paliec/iinus ; but the characteristic 
American forms belong principally to Alelonitfs, Oligoporui, 
and Lepidediinus. 

Amongst the Annelides it is only necessary to notice the little 
spiral tubes of Spirorbis Carbonarius (fig. lao), which are 




commonly found attached to the leaves or stems of the Coal- 
plants. This fact shows that though the modern species of 
Spirorbis are inhabitants of the sea, these old representatives 
of the genus must have been capable of hving in the bradiish 
waters of lagoons and estuaries. 

The Cruitaceans of the Carboniferous rocks are numerous,. 
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and belong partly to structural types with which we are already 

familiar, and partly to higher groups which come into existence 

here for the first time. The gigantic Rurypterids of the Upper 

Silurian and Devonian are but feebly represented, and make 
_their final exit here from the scene of life. Their place, how- 
s taken by peculiar forms belonging to the allied group 
f the Xiphosura, represented at tiie present day by the King- 
labs or " Horse-shoe Crabs" (I-imu/iis). Characteristic forms 

mf this group appear in the Coal-measures both of Europe and 

America ; and though constituting three distinct genera {Prest- 
ffiVi^Aia, Belinurus, and EiiproSpi), they are all nearly related 
* one another. The best known of them, perhaps, is the 
^estwichia rotundata of Coal brook dale, here figured (fig. izi). 
["he ancient and for- 
_jner!y powerful order 
of Uie Trilobites also 
undergoes its final ex- 
tinction here, not sur- 
viving the deposition 
of the Carboniferous 

LUmestone series in Eu- 

I rope, but extending its 

1 range in America into 

I the Coal-measures. All 

1 fc known Carhonifer- 

I ous forms are small in 

I size and degraded in 

I poiot of structure, and 

I Ibey are referable to 

I tut three genera (Phtl- 

I (ipiia, GriffUhides, and 

XiTDshymetopus), be- ,.™,„.„„., 

I ionging to a single fa- 

Iffiily. Th^ Pkillipsia semini/era here figured (fig. 123, a) is a 

I characteristic species in the Old World. The 'Water-fleas 
'i)are extremelyabundant in the Carboniferous rocks, 

■ Tthole strata being often made up of little else than the little 

Ibivalved shells of these Crustaceans, Many of them are ex- 

Ittemely small, averaging about the size of a millet-seed ; but a 
X^iaiXDS,%<iich.3S.Entomoconchus Scouleri {fi^. i22,jr), may attain 
p length of from one to three quarters of an inch. The old 
iroup of the Phyllopods is likewise still represented in some 
sbundance, partly by tailed forms of a shrimp-like appearance, 

Bwich as -Dilhyrocaris (fig. 122, d), and partly by the curious 
I Estheri<B and their allies, which present a curious 
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re-iemblance to the tnie Bivalve Molluscs (fig. i2i,li). Lastly, 
we meet for the first time in the Carboniferous rocks with the 
remains of the highest of all the groups of Crustaceans — name- 
ly, the so-called " Decapods," in which there are five pairs of 
walking-limbs, and the hinder end of the body ("abdomen") 
is composed of separate rings, whilst the anterior end is cov- 
ered by a head-shield or " carapace." All the Carboniferous 
Decapods hitherto discovered resemble the existing Lobsters, 




■Prawns, and Shrimps (the Macrtira), in having a long and well- 
developed abdomen terminated by an expanded tail-fin. The 
Palaocaris typus (fig. iza, ir) and the Anlhrapaliemon gradlis 
(fig. 122,/), from the Coal-measures of Illinois, are two of the 
best understood and most perfectly preserved of the few known 
representatives of the " Long-tailed " Decapods in the Car- 
boniferous series. The group of the Crabs or " Short-tailed" 
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K>ecapods (BracAyura), in which the abdomen is short, not 
Kerminaled by a tail-fin, and tucked away out of sight beneath 
■Rie body, is at present not known to be represented at all in 
Uie Carboniferous deposits. 

K In addition to the water-in habiting group of the Crustaceans, 
■jre find the articulate animals to be represented by members 
Kelonging to the air-breathing classes of the Arachnida, Myria- 
mteda, anil Insecta. The remains of these, as might have been 
RXpected, are not known to occur in the marine limestones of 
■ihe Carboniferous series, but are exclusively found in beds asso- 
Eciated with the Coal, which have been deposited in lagoons, 
■estuaries, or marshes, in the immediate vicinity of the land, and 
Ptehich actually represent an old land-surface. The Arachnids 
■we at present the oldest known of their class and 'ire repre- 
Lsented both bj true Spiders and Scorpions Ren a ns of the 
Flatter (fig 123) ha\e been found buth in the Old aid New 




, indicate the existence in the Carboniferous period 

rWScorpions differing but very little from existing forms. The 

[ gfoup of the Myriapotia, including the recent Centipedes and 

Galley-worms, is likewise represented In the Carboniferous strata. 
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but by forms in many respects very unlike any that are knowii 
to exist at the present day. The most interesting of these 
were obtained by Principal Dawson, along with the bones of 
Amphibians and the shells of Land-snails, in the sediment filling 
the hollow trunks o( Sigi/Iaria, and ihey belong to the genera 
'^ (fig. 134) and ^/■M/w/hj. Lastly, the true insects av^ 




represented by various forms of Beetles {Coleoptera), Orthoptera 
(such as Cockroaches), and Nfuropterous insects resembling 
those which we have seen to have existed towards the close of 




Fig. iid-i/D>&A'W 




the Devonian period. One of the most remarkable of the 
latter is a huge May-fly {Haplopkkbium Bamesi, fig. 1 25), wilh, . 
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■Jielted wings attaining an expanse of fully seven inches, and 
tiherefore much exceeding any existing Ephemerid in point 

(of size. 

The lower groups of the Molliisca are abundantly represented 

\hxi the marine strata af the Carboniferous series by Polysoans 




. ibO--— CarbafiifcrauB/'d^rfffa. 
'— ' — '" ' *i' SmaJI portion of the 



ot of thi fi-and of the saniE, 



and Brachiopods. Amongst the former, although a variety of 
other types are known, the majority still belong to the old 
group of the " Lace-corals " {Faiestellida), some of the charac- 
teristic forms of which are here figured (fig. 1 26), The graceful 
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netted fronds oi Feneste/la, Hetepora, and Polyfora (fig. 126, ,1) 
are highly characteristic, as are the slender toothed branches 
of Glauconome (fig. 1 26, b). A more singular form, however, is 
the iL\a\ow^ Archimedes {^^^. iz6, f), which is so characteristic 
of the Carboniferous formation of North America, In this re- 
markable type, the colony consists of a succession of funnel- 
shaped fronds, essentially simitar to Fenestdla in their structure, 
springing in a continuous spiral from a strong screw-like vertical 
axis. The outside of the fronds is simply striated ; but the 
branches exhibit on the interior the mouths of the little cells 
in which the semi-independent beings composing the colony 
originally lived. 

The Brachiopods are extremely abundant, and for the most 
part belong to types which are exclusively or principally 
Paleozoic in their range. The old genera Sirophomeittt, Orthis 
(fig. 127, c), Athyris{^%. 127, e), RhynchoneUa (fig. 127, g), and 
Spirifera (fig. 127, h\ are still well represented — the latter, in 
particular, existing under numerous specific forms, conspicuous 
by their abundance and sometimes by their size.^ Along with 
these ancient groups, we have representatives — for the first time 
in any plenty — of the great genus Terebrqtula (fig. izy, d), 
which underwent a great expansion during later periods, anj 
still exists at the present day. The most characteristic Car- ' 
boniferous Brachiopods, however, belong to the family of the 
Produdida, of which the principal genus is Prodiuta itself. 
This family commenced its existence in the Upper Silurian 
with the genus CJwnetes, distinguished by its spinose hinge- 
margin. This genus lived through the Devonian, and flourished 
in the Carboniferous (fig. \2i,f). The genus Producta itseH 
represented in the Devonian by the nearly allied Productelli, 
appeared first in the Carboniferous, at any rate in force, and 
survived into the Permian; but no member of this extensive 
family has yet been shown to have over-lived the Palasozoie 
period. The Produda of the Carboniferous are not only ex- 
ceedingly abundant, but they have in many instances a most 
extensive geographical range, and some species attain what 
may fairly be considered gigantic dimensions. The shell (fig, 
127, a and l>) is generally more or less semicircular, with a 
straight hinge-margin, and having its lateral angles produced 
into larger or smaller ears (hence its generic name — "coclika 
producta"). One valve (the ventral) is usually strongly convex, 
whilst the other (the dorsal) is flat or concave, the surface of 
both being adorned with radiating ribs, and with hollow 
tubular spines, often of great length. The valves are not 
locked together by teeth, and there is no sign in the fullj-. 
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"grown sheil of an opening in or between the valves for tlie 
emission of a muscular stalk for the attachment of the shell to 
foreign objects. It is probable, therefore, that the Producta, 
'jnlike the ordinary Lamp-shells, lived an independent exist- 
ence, their long spines apparently serving to anchor them 
firmly in the mud or oo^e of the sea-bottom ; but Mr Roberc 
Etheridge, jun., has recently shown that in one species the 





; », PmlHcIt luneiifiHa; c, Orlkis rtsHprnnla; rf, r^ntrBlHla kmlaU: I. 
yh natilita ; /, Ciomles Herdrfnih : g, khyilchoHClla flmratiou ; t, Spirifm 
mUlt. MmI of Ihtse fnriM am widtly diwributcd in the Csrbonifcro^s L'nltsloiis 
EWUiii Europe, AiMriia, &c. All ihe figures are of ihe n«iiral size. (After David- 
la, De Koiuiick, and Meek.) 

actually employed as organs of adhesion, whereby 
le shell was permanently attached to some extraneous object, 
uch as the stem of a Crinoid. . The two species here figured 
e interesting for their extraordinarily extensive geographical 
Mge — Prodiuta stmiretiailata (fig. 127, rt) being found in the 
Carboniferous rocks of Britain, the continent of Europe, 
Ipeotral Asia, China, India, Australia, Spitzbergen, and North 
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and South America ; whilst . 
distribution littie if at all less 

The higher Mollusca are abundantly represented in the 
Carboniferous rocks by Bivalves {LamelUbrauchs), Univalves 
{Gasteropoda), Winged - snails (Pteropoiia), and CepAalcpods- 
Amongst the Bivalves we may note the great abundance of 
Scallops {Avicuiopeclen and other allied forms), together with 
numerous other types^some of ancient origin, others repre- 
sented here for the first time. Amongst the Gasteropods, we 
find the characteristically Paleozoic genera MaerocheUus and 
Loxonema, the almost exclusively Paleozoic Emmphalus, and 
the persistent g^rms Pleurotomaria ; whilst the free-swimming 
Univalves (Heferopoda')a.\& represented hy Bellerophon aYi&Pbral- 
lia, and the Ptergpoda by the, old genus Conularia. With regard 
to the Carboniferous Univalves, it is also of interest to note here 
the first appearance of true air-breathing or terrestrial Molluscs, 
as discovered by Dawson and Bradley in the Coal-measures of 
Nova Scotia and Illinois. Some of these {Conulus prisms) are 
true Land-snails, resembling the existing Zonites ; whilst odiets 
{Papa vetusiOjBs. izS) appear to be generically inseparable 
from the " Chrysalis-shells " 
(Pupa) of the present day- 
All the known .forms — three 
in number — are of small siie, 
and appear to have been local 
in their distribution or in ihdr 
preservation. More impott^ 
ant, however, than any of d>^ 
preceding, are the C^pAaifi 
poda, represented, as befonj 
exclusively by the chambered 
shells of the Tetrabranchiates. 
The older and simpler type of 
these, with simple plain septa, 
and mosdy a central siphunclc, 
is represented by the straight 
conical shells of the ancient 
genus Onfwcercis, and the bow- 
. shaped shells of the equally 
ancient Cyrtoceras — some « 
. theformer attaining a great size.; 
The spirally-curved discoidd' 
shells of the persistent genus Nautilus are also not unknowOi; 
and some of these likewise exhibit very considerable dioieiH 
Lastly, the more complex family of the AmmonUi 
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with lobed or augulated septa, and a dorsally-pkced siphuncle 
(situated on the convex side of the curved shells), now for the 
first time commences to acquire a considerable prominence. 
The principal representative of this group is the genus Gonia- 
titcs (fig. 129), which commenced its existence in the Upper 
Silurian, is well represented in the De- 
vonian, and attains its maximum here. 
In this genus, the shell is spirally 
curved, the septa are strongly lobed 
or angulated, though not elaborately 
frilled as in the Ammonites, and the 
siphuncle is dorsal. In addition to 
Goniatites, the shells of true Ammon- 
ites, so characteristic of the Secondary 
period, have been described by Dr 
Waagen as occurring in the Carbon- 
iferous rocks of India. 





Coming finally to the Verfebrata, we have in the first place 
to very briefly consider the Carboniferous _^Jte. These are 
numerous ; but, with the exception of the still dubious " Cono- 
donls," belong wholly to the groups of the Ganoids and tiie 
Placoids (including under the former head remains which per- 
haps are truly referable to the group of the Dipnoi or Mud- 
fishes). Amongst the Ganoids, the singular buckler-headed 
fishes of the Upper Silurian and Devonian (C^/4a/aj/*;(/«) have 



l88 HISTORICAL rAL«ONTOLOCV. 

apparently disappeared ; and the principal types of the Car- 
boniferous belong to the groups respectively represented at 
the present day by the Gar pike {Lcpidosteus) of the North 
American lakes, and the Pohpterus of the rivers of Africa. Of 
the former, the genera Palisontscus and Amblyftcrus (fig. 130), 




with their small rhomboidal and enamelled scales, and their 
strongly unsymmetrical tails, are perhaps the most abundart. 
Of the latter, the most important are species belonging 10 
the genera Megaiuhthys and Rhisoiius, comprising large fishes, 
with rhomboidal scales, unsymmetrical (" heterocercal ") taiis, 
and powerful conical teeth. These fishes are sometimes said 
to be " sauroid," from their presenting some Reptilian features 
in their organisation, and they must have been the scourges 
of the Carboniferous seas. The remains of Placoid fishes in 
the Carboniferous strata are very numerous, but consist wholly 
of teeth and fin-spines, referable to forms more or less closely 
allied to our existing Port Jackson Sliarks, Dog-fishes, and 
Ravs. The teeth are of very various shapes and sizes, — some 
with sharp, cutting edges (Petalodus, Cladodus, &c.) ; others in 
the form of broad crushing plates, adapted, like the teeth of the 
existing Port Jackson Shark {Cesiradon Philippi), for breaking 
down the hard shells of Molluscs and Crustaceans. Amongst 
the many kinds of these latter, the teeth ol Psammodus and 
CocMiodus (f\^. 131) may be mentioned as specially charac- 
teristic The fin-spines are mostly similar to those so common 
in the Devonian deposits, consisting of hollow defensive spines 
implanted in front of the pectoral or other fins, usually slightly 
curved, often superficially ribbed or sculptured, and not un- 
commonly serrated or toothed. The genera Cimacanihus, 
Gyracanthus, Homaeanthits, kc, have been founded for the 
reception of these defensive weapons, some of which indicate 
fishes of great size and predaceous habits. 
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111 the Devonian rocks we meet with no other remains of 
\'^ertebrated animals save fishes only ; but the Carboniferous 
deposits have yielded re- 
mains of the higher group 
of the Amphibians. 'J'his 
class, comprising our ex- 
isting Frogs, Toads, and 
Newts, stands to some ex- 
tent in a position midway 
between the class of the 
iishes and that of the true 
reptiles, being distinguished 
from the latter by the fact 
that its members invariably 
possess gills in their early 

condition, if not throughout life ; whilst they are separated from 
ihe former by always possessing true lungs when adult, and 
by the fact that the limbs (when present at all) are never in 
the form of fins. The Amphibians, therefore, are all water- 
breathers when young, and have respiratory organs adapted 
for an atiualic mode of life; whereas, when grown up, tliey 
develop lungs, and with these the capacity for breathing air 
directly. Some of them, like the Frogs and Newts, lose their 
;ills altogether on attaining the adult condition; but others, 
■ijch as the living Froieus and Maiobranchus, retain their gills 
-»en after acquiring their lungs, and arc thus fitted indiffer- 
tiidy for an aquatic or terrestrial existence. The name of 
" xVmphibia," though applied to the whole class, is thus not 
jirecisely appropriate excejit to these last- mentioned forms 
(Gr. amphi, both; bios, life). The Amphibians also differ 
imongst themselves according as to whether they keep per- 
m.mently the long tail which ihey all possess when young (as 
liij the Newts and Salamanders), or lose this appendage when 
i;ruwn up (as do the Frogs and Toads). Most of them have 

Iniked skins, but a few living and many extinct forms have 
hard stniciures in the shape of scales develojied in the integu- 
ment All of them have well-ossified skeletons, though some 
fcssil types are partially deficient iii this respect ; and all of 
ihem which possess limbs at all have these appendages sup- 
ported by bones essentially similar to those found in the limbs 
nf the higher Vertebrates, AH the Carboniferous Amphibians 
■ ingto agroup which has now wholly passed away^namely, 
of the Labyrintkodgnts. In the marine strata which fonn 
base of the Carboniferous series these creatures have only 
recognised by their curious hand-shaped footprints, similar 
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in character to those which occur in theTriassic rocts, andwhich 
will be subsequently spoken of under the name of C/teirpthrrhtm. 
In the Coal-measures of Britain, the continent of Europe, and 
North America, however, many bones of these animals have 
been found, and we are now tolerably well acquainted with a 
considerable number of forms. All of them seem to have be- 
longed to the division of Amphibians in which the long tail 
of the young is permanently retained ; and there is evidence 
that some of them kept the gills also throughout life. The 
skull is of the characteristic Amphibian type (6g. 132, a), with 




two occipital condyles, and having its surface singularly pitted 
and sculptured ; and the vertebra are hollowed out at both 
ends. The lower surface of the body was defended by an 
armour of singular integumentary shields or scales (fig. 132, '()\ 
and an extremely characteristic feature (from which the entire 
group derives its name) is, that the walls of the teeth are deeply 
folded, so as to give rise to an extraordinary " labyrinthine" 
pattern when they are cut across {fig. 132, b). Many of ihc 
Carboniferous Labyrinthodonts are of no great siae, some "^ 
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^em very small, but others attain comparatively gigantic 
dimensions, though all fall short in this respect of the huge 
examples of this group which occur in the Trias. One of the 
largest, and at the same time most characteristic, forms of the 
Carboniferous scries, is the genus Anthracosaurus, the skull of 
which is here figured. 

No remains of true Reptiles, Birds, or Quadrupeds have as 
yet beeu certainly detected in the Carboniferous deposits in 
any part of the world. It should, however, be mentioned, 
that Professor Marsh, one of the highest authorities on the 
subject, has described from the Coal- formation of Nova Scotia 
certain vertebrae which he believes to have belonged to a 
marine reptile {Eosaiirus Acadiantts), allied to the great 
Ichthyosauri of the Lias. Up to this rime no confirmation 
of this delemiinaEion has been obtained by the discovery of 
other and more unquestionable remains, and it therefore 
remains doubtful whether these bones of Eosaiirus may not 
really belong to large Labyrinthodonls. 
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following list contains some of the more importsnt of the original 
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Irict" John Phillips. 
'Silnrio.' Sic Godenck Murchisoo. 

'Memoirs of the Geolc^ical Survey of Great Britain anil Ireland.' 
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' Reports of the Geological Survey of Illinois ' (Geology and PaLi;- 

ontology). Meek, Worthen, &c. 
' Reports of the Geological Survey of Ohio ' (Geology and Palmon- 
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'Monograph of the Carboniferous Brachiopoda of Britain' (Palieon- 

tographical Society). Davidson. 
' Monc^raph of the British Carboniferona Corals ' (Palffionlographical 

Society). Milne-Edwards and Hiime. 
' Monograph of the Carhoniferous Bivalve Entomostraca of Britain ' 

(Palrcontogmphical Society). Rupert Jones, Kirkby, and George 
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li^raphical Society). H. B. Brady. 
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Armstrong, 
(ig) ' Poissona Fuisiles.' Agassiz. 
(ID) "Report on the Labyrinth odonls of the Coal-measures" — 'British 

Association Report,' 1S73. L. C. Miall. 
(2t] 'Introduction to the Study of Pakcontological Botany.' Johu 

HuttoQ Balfonv. 
(32) ' Traite de Paleontoloeie Vegelale." Schimper. 

(23) ' Fossil Flora.' Lindley and Mutton, 

(24) 'Histoiredcs VcEetauxFossiles.' Brongniart. 

(25) ' On Calamiles and Calamodendron ' (Monographs of the PaliEonto- 

graphical Society). Binney. 

(26) ' On the .Structure of Fossil Plants found in the Carbonifcmiu 

Sttata' (Palieoiitographical Society). Binney. 
Also numerous memoira by Huxley, Davidson, Martin Duncan, Profes- 
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Binney, Williamson, Hooker, Jukes, Geikie, Rupert Jones, Salter, mi 
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CHAPTER XrV. 
THE PERM/AN PERIOD. 

The Permian formation doses the long series of the I 
zoic deposits, and may in some rcipects be considere' 
kind of appendix to the Carboniferous system, to which % 
not be compared in importance, either as regards the J 
bulk of its sediments or the interest and variety of i' 
record. Consisting, as it does, largely of red rocks- 
stones and marls^for the most part sittgularly destV 
organic remains, the Permian rocks have been regarded 
lacustrine or fluviatile deposit; but the presence of welH 
oped limestones with indubitable marine remains < 
negatives this view. It is, however, not improbable t 
are presented in the Permian fonnation, as known to \ 
present, with a series of sediments laid down in inland sal 
great e.ttent, due to the subsidence over large areas of 
vast land-surfaces of the Coal measures. This view, at any I 
rate, would explain some of the more puzzling physical char- f 
acters of the formation, and would not be definitely negatived 
by any of its fossils. 

A large portion of the Permian series, as already remarked, 
consists of sandstones and marls, deeply reddened byp 
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of iron, and often accompanied by beds of gypsum 
of salt. In strata of this nature few or no fossils are found ; 
but their shalfow-water origin is sufficiently proved by the 
presence of the footprints of terrestrial animals, accompanied 
in some cases by well-defined "ripple-marks." Along with 
these are occasionally found massive breccias, holding larger 
or smaller blocks derived from the older formations; and these 
have been supposed to represent an old " boulder-clay," and 
thus to indicate tlie prevalence of an arctic climate. Beds of 
this nature must also have been deposited in shallow water. 
In all regions, however, where the Permian formation is well 
developed, one of its most characteristic members is a Mag- 
u limestone, often highly and fantastically concretionary, 
ontaining numerous remains of genuine marine animals, 
Kind cleariy indicating that it was deposited beneath a mod- 
knate depth of sah water. 

It is not necessary to consider here whether this formation 
can be retained as a distinct division of the geological series. 
I The name of Pennian was given to it by Sir Roderick Murchi- 
Lson, from the province of Perm in Russia, where rocks of this 
ft^e are extensively developed. Formerly these rocks were 
Touped with the succeeding formation of the Trias under the 
Bcommon name of "New Red Sandstone." This name was 
■ given them because they contain a good deal of red sandstone, 
I <nd because they are superior to the Carboniferous rocks, 
I thile the Old Red Sandstone is inferior. Nowadays, how- 
Jsver, the term " New Red Sandstone " is rarely employed, 
Inless it be for red sandstones and associated rocks, which 
e seen to overlie the Coal-measures, but which contain no 
isils by which their exact age may be made out. Under 
Biese circumstances, it is sometimes convenient to employ the 
' term " New Red Sandstone." The New Red, however, of the 
older geologists, is now broken up into the two formations of 
the Pennian and Triassic rocks — the former being usually con- 
sidered as the top of the Palaozoic series, and the latter con- 
stituting the base of the Mesozoic. 

In many instances, the Pennian rocks are seen to repose 
unconfonnabiy upon the underlying Carboniferous, from which 
they can in addition be readily separated by their lithological 
characters. In other instances, however, the Coal-measures 
terminate upwards in red rocks, not distinguishable by their 
mineral characters from the Permian; and in other cases no 
physical discordance between the Carboniferous and Per- 
mian strata can be detected. As a general nile, also, the 
PeimiaJ) locks appear to pass upwards conformably into the 
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Trias. The division, therefore, between the Permian and Tri- 
assic rocks, and consequently between the Pabsozoic and Me- 
sozoic series, is not founded upon any conspicuous or tmiversal 
physical break, but ujjon the difference in life which is ob- 
served in comparing the marine animals of the Carboniferous 
and Permian with those of the Trias. It is to be observed, how- 
ever, that this difference can be solely due to the fact that the 
Magnesian Limestone of the Permian series presents us with 
only a small, and not a typical, portion of the marine deposits 
which roust have been accumulated in some area at present 
unknown to us during the period which elapsed between the 
formation of the great marine limestones of the Lower Carbon- 
iferous and the open-sea and likewise calcareous sediments of 
the Middle Trias. 

The Permian rocks exhibit their most typical features in 
Russia and Germany, though they are very well developed in 
parts of Britain, and they occur in North America. When 
well developed, they exhibit three main divisions : a lower set 
of sandstones, a middle group, generally calcareous, and an 
upper series of sandstones, constituting respectively the Lower, 
Middle, and Upper Permians. 

In Russia, Germany, and Britain, the Permian rocks con- 
sist of the following members ; — 

1. "Y^ie Zffwer Fermians, consisting mainly of a great series 
of sandstones, of different colours, but usually red. The base 
of this series is often constituted by massive breccias with 
included fragments of the older rocks, upon which they may 
happen to repose ; and similar breccias somerimes occur in 
the upper portion of the series as well. The thickness of this 
group varies a good deal, but may amount to 3000 or 4000 
feet 

2. The Middle Permians, consisting, in their typical de- 
velopment, of laminated marls, or " marl-slate," surmounted 
by beds of magnesian limestone (the "Zechstein" of the Ger- 
man geologists). Sometimes the limestones are degenerate or 
wholly deficient, and the series may consist of sandy shales 
and gypsiferous clays. The magnesian limestone, however, of 
the Middle Permians is, as a rule, so well marked a feature 
that it was long spoken of as the Magnesian Limestone. 

3. The Upper Permians, consisting of a series of sandstones 
and shales, or of red or mottled mails, often gypsiferous, and 
sometimes including beds of limestone. 

In North America, the Permian rocks appear to be confined 
to the region west of the Mississippi, being especially well de- 
veloped in Kansas. Their exact limits have not as yef 
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made out, and their total thickness is not more than a few 
hundred feec. They consist of sandstones, conglomerates, 
limestones, raarls, and beds of gypsum. 

The following diagrammatic section shows the general 
sequence of the Permian deposits in the north of England, 
where the series is extensively developed (fig. 133): — 



Generalised Section of the Permian Rocks 
IN THE North of England. 




Magnesian Limestone. 



e record of the life of the Permian period is but a scanty 
% owing doubdess to the special pecnliarities of such of the ' 
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deposits of this age witli which we are as yet acquainted. Red 
rocks are, as a general rule, more or less completely unfossil- 
iferous, and sediments of this nature are highly characteristic of 
the Permian. Similarly, magnesian limestones are rarely as 
highly charged with organic remains as is the case with normal 
calcareous deposits, especially when they have been subjected 
to concretionary action, as is observable to such a marked ex- 
tent in the Permian limestones. Nevertheless, much interest 
is attached to the organic remains, as marking a kind of transi- 
tion-period between the Palseozoic and Mesozoic epochs. 

The plants of the Permian period, as a whole, have a dis- 
tinctly Pal Eozoic aspect, and are far more nearly allied to those 
nf the Coal-measures than they are to those of the earlier 
Secondary rocks ; though the Permian spedes are mostly dis- 
tinct from the Carboniferous, and there are some new genera. 
Thus, we find species of Lepidodendron, Catamites, Equisetita, 
Asterophyllites, Annidaria, and other highly characteristic 
Carboniferous genera. On the other hand, the Sigitlarhids of 
the Coal seem to have finally disappeared at the close of the 
Carboniferous period. Ferns are abundant in the Permian 
rocks, and belong for the most part to the well-known Carbon- 
iferous genera Aleiliopteris, Ncuropteris, Sphsftopteris, and Pecop- 
teris. There are also Tree-ferns referable to the ancient genus 
Psaronius. The Conifers of the Permian period are numerous, 
and belong in part to Carboniferous genera. A characteristic 
genus, however, is Walchia (fig. 134), distinguished by its lax 



short leaves. This genus, though not exclusively Permian, ii 
mainly so, the best-known species being the IV. piniform 
Here, also, we meet with Conifers which produce true cona 
and which differ, therefore, in an important degree from A 
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fTaxoid Conifers of the Coal-measures, Besides IValchia. n. 

characteristic fonn of these is the UUmania sdaginoides, whicli 

occurs in the Magnesian Limestone of Durham, ihe Middle 

Permian of Westmorland, and the " Kupfer-schiefer " of Ger- 

rnany. The group of the Cycads, which we shall subsequently 

..find to be so characteristic of the vegetation of the Secondary 

pperiod, is, on the other hand, only doubtfully represented in 

' tiie Permian deposits by the singular genus Nxggeralhia. 

The Pretozoam ol \h^ Permian rocks are few in number, and 
for the most part imperfectly known. A few Foraminifira havu 
been obtained from the Magnesian Limestone of England, 
and the same formation has yielded some ill - understood 
Sponges. It does not seem, however, altogether impossible 
that some of the singular " concretions " of this formation may 
ultimately prove to have an organic stnicture, though others 
would appear to be clearly of purely inorganic origin. From 
the Permian of Saxony, Professor Geinitz has described two 
species oi Spongtllopsis, which he believes to be most nearly 
allied to the existing fresh-water Sponges (Spongilla). This 
observation has an interest as bearing upon the mode of de- 
position and origin of the Permian sediments. 

The CteUnterates are represented in the Permian by but a 
few Corals. These belong partly to the Tabulate and partly 
to the Rugose division ; but the latter great group, so abun- 
dantly represented in Silurian, Devonian, and Carboniferous 
seas, is now extraordinarily reduced in numbers, the British 
I of this age yielding only species of the single genus 
xelia. So far, therefore, as at present known, all the 
I- characteristic genera of the Rugose Corals of the Carboniferous 
I had become extinct before the deposition of the limestones of 
I the Middle Permian. 

The Echinoderms are represented by a few Crinoids, and by a 
JSa-urchin belonging to the genus Emdaris. The latter genus 
Tis nearly allied to the Arclueocidaris of the Carboniferous, so 
F ftatihis Permian form belongs to a characteristically Palfeozoic 
f lype. 

A few AnneUdes {Spirorbis, Vermilia, &c.) have been de- 
smbed, but are of no special importance. Amongst the 
I Crusfaceam, however, we have to note the total absence of 
the great Palfeozoic group of the Trilobites ; whilst the little 
[ Qiiratoda and Phyllopods still continue to be represented. 
I We have also to note the first appearance here of the " Short- 
tailed " Decapods or Crabs {Braehyura), the highest of all the 
^ups of Crustacea, in the person of HemUrochiscus paradoxus, 
n extremely minute Crab from the Permian of Germany. 
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Amongst the MoUusca, the remains of Polyzoa may fairly be 
said to be amongst the most abundant of all the fossils of the 
Permian formation. The principal forma of these are the 
fronds of the Lace-corals {FenesieUa, Retepora, and Synociadia), 
which are very abundant in the Magnesian Limestone of the 
north of England, and belong to various highly characteristic 
species (such as Fmestdla rettformis, Ritepora Mhratba-gi, and 
Sytwcladia virgulaaa). The Brachiopoda are also represented 
in moderate numbers in the Permian. Along with species of 
the persistent genera Discina, Crania, and Ltngula, we still 
meet with representatives of the old groups Spirifera, Athyris, 
and Streptorhynchus ; and the Carboniferous Productee yet 
survive under well-marked and characteristic types, though in 
much-diminished numbers. The species of Brachiopods here 
figured (tig, 135) are characteristic of the Magnesian Limestone 
in Britain and of the corresponding strata on the Continent 




Upon the whole, the most characteristic Permian SraehiffpoTx- 
belong to the genera Producta, Strop/taiosta, and Camm^— 
phoria. 

The Bivalves (Lamdlibranchiata) have a tolerably varie«S 
development in the Permian rocks; but nearly all the olcJ 
types, except some of those which occur in the Carboniferous, 
have now disappeared. The principal Permian Bivalves 
belong to the groups of the Pearl Oysters {Aviculida) and the 
Trigoniada, represented by genera such as Bakewdlia and 
ScMzodvs; the true Mussels {Myiilidte), represented by species 
which have been referred to Mytitus itself; and the Arks 
(Arcada), represented by species of the genera Ana (fig, 136J 
and Byssoarca. The first and last of these three families have 
a very ancient origin; but the family of the Trigmiada, thout^ 
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iebly represented at the present day, k one wliicli attained its 
laxiiDum development in the Meso^oic period. 
The Unrvalves (Gasteropoda) i 

Kecial notice. It maybe ob- 
rved, however, that the PalKO- 
oic genera Euomphalus, Afiir 
'isonia, Loxaiierna, and Alaerc- 
eilits are still in existence, to- 
[ether with the persistent genu:. 
J'leurotomaria. Pteropods of tlic 
old genera Thtca and Conule- 
ria have been discovered; but 
flie first of these characteristi- 
■Cally Palseozoic types finally 

dies out here, and the second y\&- xTf>-~Ann Ki,iiqua. Permim. 
only survives but a short time 

longer. Lastly, a few Cephalopods have been found, still wholly 
teferable to the Tetrabranchiate group, and belonging to the old 
"genera Orthoceras and Cyrtoceras and the long-lived Nauiilui. 
Amongst Vertebrates, we meet in the Permian period not 
only with the remains of Fishes and Amphibians, but also, for 
the first time, with true Reptiles. The Fishes are mainly 
Ganoids, though there are also remains of a few Cestraciont 



: rare, and do not demand 



§§ 





Fig. 137 —Plalfsomns^bbosu! 

Not only are the Ganoids still the predominant group 
of Fishes, but all the known forms possess the unsymmetrical 
["helerocercal") taii which is so characteristic of the Palaeozoic 
Most of the remains of the Permian Fishes have 
been obtained from the " Marl-slate " of Durham and the 
coffesponding "Ktipfer-schiefer" of Germany, on the horizon 
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of the Middle Pemaiao ; and the priocipal genera of the 
Ganoids are Palmoniscus and Platysomus (fig. 137). 

The AnipMbiam of the Permian period belong principally 
to the order of the Labyrinthodonts, which commenced lo be 
represented in the Carboniferous, and has a large development 
in the Trias. Under the name, however, of PaUeosirm Beinerti, 
Professor Geinitz has described an Amphibian from the Lower 
Permian of Germany, which he believes to be most nearly 
allied to the existing " Miid-eel " {Siren lacerttna) of North 
America, and therefore to be related to the Newts and Sala- 
manders (Uroddd). 

Finally, we meet in the Permian deposits with the first un- 
doubted remains of true Reptiles. These are distinguished, as 
a class, from the Amphibians, by the fact that they are air- 
breathers throughout the whole of their life, and therefore are 
at no time provided with gills; whilst they are exempt from 
that metamorphosis which all the Amphibia undergo in early 
life, consequent upon their transition from an aquatic to a 
more or less purely aerial mode of respiration. Their skel- 
eton is well ossified ; they usually have homy or bony plates, 
singly or in combination, developed in the skin ; and their 
limbs (when present) are never either in the form ai fiiu or 
wings, though sometimes capable of acting in either of these 
capacities, and liable to great modifications of form and struc- 
ture. Though there can be no doubt whatever as to the occur- 
rence of genuine Reptiles in deposits of unquestionable Per- 
mian age, there is stili uncertainty as to the precise number 
of types which may have existed at this period. This uncer- 
tainty arises partly from the difficulty of deciding in all cases 
whether a given bone be truely Labyrinth odont or Reptilian, 
but more especially from the confusion which exists at pres- , 
ent between the Permian and the overlying Triassic deposits. 
Thus there are various deposits in different regions which I 
have yielded the remains of Reptiles, and which cannot in 
the meanwhile be definitely referred either to the Permian ] 
series or to the Trias by clear stratigraphical or j 
logical evidence. All that can be done in such cases is 10 lie | 
guided by the characters of the Reptiles themselves, ai 
judge by their affinities to remains from known Triassic o 
mian rocks to which of these formations the beds containing I 
them should be referred ; but it is obvious that this method 1 
of procedure is seriously liable to lead to error. In accot' I 
dance, however, with this, the only available mode of deter- 
mination in some cases, the remains of Thecodontosaiirus ani 
Paltcosaurus discovered in the dolomitic conglomerates near 
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[: Bristol will be coDsidered as Triassic, thus leaving Proloro- 
I Taurus * as the principal and most important representative of 




^tiie Permian Reptiles. + The type-species of the genus Fro- 
tffrosauriisis\heI'. Spencri(fig. 138) of the "Kupfer-schiefer" of 

• Thougii conmiDiily spelt as above, it is probable that the name of ibis 
S-jiard was really intended to have been /V-o/irojnaruj— from the Greek 
freiires, first; and snum, lizard ; and this spelling is followed by many 

+ In an extremely able paper upon the subject (Quart. Joum. Geol. 
Soc, vol. xxvi.), Mr Etheridge has shown that there are good physical 
grounds for regarding the dolomitic conElomerate of Bristol as of Triassic 
— - ' a probably corresponding in lime with the Muachelkalk of the 
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Thuringta, but other allied species have been detected in the 
Middle Permian of Germany and tlie north of England. This 
Reptile attained a length of from three to four feet ; and it has 
been generally referred to the group of the Lizards {LaartUia), 
to which it is most nearly allied in its general structure, at the 
same time that it differs from all existing members of this group 
in the fact that its numerous conical and pointed teeth were 
implanted in distinct sockets in the Jaws — this being a Croco- 
dilian character. In other respects, however, Protorosaurui 
approximates closely to the living Monitors ( Varaiiid^ \ and 
the fact that the bodies of the vertebrre are slightly cupped or 
hollowed out at the ends would lead to the belief that the 
animal was aquatic in its habits. At the same time, the 
structure of the hind-limbs and their bony supports proves 
clearly that it must have also possessed the power of progres- 
sion upon the land. Various other Reptilian bones have been 
described from the Permian formation, of which some are pro- 
bably really referable to Labyrinth odonts, whilst others are 
regarded by Professor Owen as referable to the order of the 
" Theriodonts," in which the teeth are implanted in sockets, 
and resemble those of carnivorous quadrupeds in consisting 
of three groups in each jaw (namely, incisors, canines, and 
molars). Lastly, in red sandstones of Permian age in Dum- 
friesshire have been discovered the tracks of what would ap- 
pear to have been C/zif/uniaftj (Tortoises and Turtles); but it 
would not be safe to accept this conclusion as certain upon the 
evidence of footprints alone. The Chdkhnus Duncani, how- 
ever, described by Sir William Jardine in his magnificent work 
on the ' Ichnology of Annandale,' bears a great resemblance: 
to the track of a Turtle. 

No remains of Birds or Quadrupeds have hitherto been 
detected in deposits of Permian age. 



The followEng worlts may be consulted liy the student with regard lo ihe 
Permian formation and its fossils :— 

(l) "On the Geological Relations and Internal Structure of the Meg"*" 
sian Limestone and the Lower Portions of the New Red Sarf^ 
stone Series, &c"— 'Trans. Geol. Soc.,' ser. 2, vol. iii. Sedg- 
wick. 

(z) 'The Geology of Russia in Europe.' Murchison, De Vememl, »[i«» 
Von Kcyserliiig. 

(3) 'Siluria.' Murchison. 

(4) ' Permische System in Sachsen.' Geinitz and Gutbier. 

(SJ 'Die Verstrinerungen des Deiitschen Zechsteingebirges.' Geinill. 
(6) 'Die Animaliachen Ueberreste derDyas.' " 
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(7) 'Monograph of the Permian Fossils of England' (Paliontographi 

Sociely). King. 

(8) 'MonoEraph of the Pennian Brachiopoda of Britain' (Pal^on 



graphical Socielj). Davidson. 
"On the - ■■ " 



tg) " On the Pennian Kocks of the Norlh-West of England and their 

Extension into Soolland" — 'Quart. Journ. Geol. Sue.,' voL xx. 

Murchison and Harkness. 
(lo) 'Catalogue of the Fossils of the Permian Srstem of the Counties of 

Northumberland and Durham.' Howse. 
, ) 'PetrcfflctaGennanitE.' Goldfusa. 
(ja) 'BeitrSge lur PetrBrnklenkundc.' Miinsler. 
(13) ' Ein Beitrag zur Palxontologie des Deutschen Zechsleingebirges.' 

Von Schaoroth. 

Saurier aus dem Kupfer-schiefer der Zechstein-fonnatior.' Vod 



115) 'Manual of Palaeontolt«T.' Owen. 
16| ■" ■ ' ■' 



Recherches sui les Poissons Fossiles.' Agassiz. 

Ichnology of Annandatc, ' Sir William Jnrdine. 
., Die Foiwile Flora der PermischcB Formation.' Gceppert. 
(ig) 'Genera et Spedea PInntarum Fossilium.' Unger. 
' ' " On the Red Rocks of England of older Date than the Trias " 

— 'Quart. Joum. Geo! Soc.,' vol. xivii. Ramsay. 



CHAPTER XV. 

T/fE TRIASSIC PERIOD. 

We come now lo the consideration of the great Mesozok, or 
Secondary series of formations, consisting, in ascending order, 
of the Triassic, Jurassic, and Cretaceous systems. The Trias- 
group forms the base of the Mesozoic series, and corre- 
sponds with the higher portion of the New Red Sandstone of 
tile older geologists. Like the Permian rocks, and as implied 
% its name, the Trias admits of a subdivision into three 
poups^a Lower, Middle, and Upper Trias. Of these sub- 
divisions the middle one is wanting in Britain; and all have 
received German names, being more largeJy and typically de- 
veloped in Germany than in any other country. Thus, the 
Wer Trias is known as the BmiUr Sandslein ; the Middle 
Trias is called the Mitsclulkalk ; and the Upper Trias is known 
as the Keuper. 

1. The lowest division of the Trias is known as the Buiiter 
Sandstein (the Grh bigarri of the French), from the generally 
Variegated colours of the beds which compose it (German, 
^i, variegated). The Bunter Sandstein of the continent of 
Europe consists of red and white sandstones, with red clays, 



1 



I 
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and thin limestones, the whole attaining a thickness of about 
1500 feet. The terra "marl" is very generally employed to 
designate the clays of the Lou'er and Upper Trias j but the 
term is inappropriate, as they may contain no lime, and are 
therefore not always genuine marls. In Britain the Bunler 
Sandstein consists of red and mottled sandstones, with uncon- 
solidated conglomerates, or " pebble-beds," the whole having 
a. thickness of 1000 to 2000 feet. The Burner Sandstein, as 
a rale, is very barren of fossils. 

II. The Middle Trias is not developed in Britain, but it 
is largely developed in Germany, where it constitutes what is 
known as the Muschelkalk (Germ. Muschel, mussel ; kalk, lime- 
stone), from the abundance of fossil shells which it contains. 
The Muschelkalk (the Cu/fafrtf^^Y'"''''''^ of the French) consists 
of crtnpact grey or yellowish limestones, sometimes doloraitic, 
and including occasional be'ds of gypsum and rock-salt. 

III. The Upper Trias, or Keuper {the Marties trisUs of the 
French), as it is generally called, occurs in England ; but is 
not so well developed as it is in Germany. In Britain, the 
Keuper is 1000 feet or more in thickness, and consists of while 
and hrown .sandstones, with red marls, the whole topped by 
red clays witli rock-salt and gypsum. 

The Keuper in Britain is extremely unfossiliferous; but it 
passes upwards with perfect conformity into a very remarkable 
group of beds, at one time classed with the Lias, and now- 
known under the names of the Penarth beds (from Penarlh, ia 
Glamorganshire), the Rhfetic beds (from the Rhsetic Alps), ttr 
the Avicula contorta beds (from the occurrence in them of 
great numbers of this peculiar Bivalve). These singular beds 
have been variously regarded as the highest beds of the Trias, 
or the lowest beds of the Lias, or as an intermediate group. 
The phenomena observed on the Continent, however, render 
it best to consider them as Triassic, as they certainly agree 
with the so-called Upper St Cassian or Kossen beds which 
form the top of the Trias in the Austrian Alps. 

The Penarth beds occur in Glamorganshire, Gloucestershire! 
Warwickshire, Staffordshire, and the north of Ireland; ao*l 
they generally consist of a small thickness of grey marls, whi* 
limestones, and black shales, surmounted conformably by ih* 
lowest beds of the Lias. The most characteristic fossils whicD 
they contain are the three Bivalves Cardium Rhtelicum, Aviai*^ 
contorta, and Fedtn Valcniensis ; but they have yielded mafjj 
other fossils, amongst which the most important are the X^ 
mains of Fishes and small Mammals {Microlestes). 

In the Austrian Alps the Trias terminates upwaids ia O^ 
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Kctraordinary series of fossiliferous beds, replete with marine 
fossils. Sir Charles Lyell gives tiie following table of these 
femarkable deposits : — 



Slra/a idinu th( Lin: 



n ihc Am 



II Alps, i 






Cassian heAi of Escher 
and Merian. | 



1. Dichstein beds. 



4' A. Cuttenstein beds. 
8. Werfen beds, base 
Upper Trias ? 



Grey and blacic limestone, with Calcnreons 
marls having a thickness of al>out 50 
FeEt. Among the fcissils, Brachiopoda 
very numerous ; some few species com- 
mon to the genuine Lias ; many pecu- 
liar. Aviaun tontorla, Pectm Valo- 
nieniii, Cardium Jihirticiim, AvicMla 
inttqtdvalTis, Spirifer Miinsleri, Dav. 
Strata containing the above fossils al< 
lemate with the Dachsteia beds, lying 

fWhite or greyish limestone, oflen in beds 
three or four feet thick. Total thick- 
ness of the fonnation above aooo feci. 

I Upper part fossiliferous, wilh some 
< strata composed of corals \Lilhoden- 

I dron.) \avex portion without fossils. 

I Among (he characlerislic shells are Hr- 
mkardium Wulfeni, Mtgatodeit Iriquelcr, 

\ and other large bivalves. 

I Red, pink, or while marbles, from Soo to 
1000 feet in thickness, containing more 
than Soo species of marine fossils, for 
the most part mollusca Many species 
of Orlhocfras. True Ammoaila, besides 
Ceratites and Ganiatita. Bdemnita (ts-tk), 
Porcrllia, PlearBlomaria, Trotkus, Mono- 
lis srUiiiaria, &c. 
I A. Black and grey lime- ^ 

slone 150 feel thick, al- Amang the fossils 

lemating wilh Ihe un- «■«. C.raM^ 

/ derlying Werfen beds. \ '"'1"''%^^. 

". Red and green shale j j,i. Naliatia 



salt and g; 



with 



I 



Id the United Stales, rocks of Triassic age occur in several 
areas between the Appalachians and the Atlantic seaboard ; 
bm they show no such triple division as in Germany, and their 
«act place in the system is uncertain. The roclts of these 
Was consist of red sandstones, sometimes shaly or congli 
itic, occasiunaliy with beds of impure limestone. O ' 
Klensive areas where Triassic rocks appear at the surface, are 
found west ofthe Mississippi, on the slopes of the Rocky Moun- 
tains, where the beds consist of sandstones and gypsiferous 
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marls. The American Trias is chiefly remarkable for having 
yielded the remains of a small Marsupial {Dromatheritini), and 
numerous footprints, which have generally been referred to 
Birds (Brontozoum), along with the tracks of undoubted Rep- 
tiles (Oiosoum, Aniiopus, &c.) 

The subjoined section (fig. 139) expresses, in a diagram- 
matic manner, the general sequence of the Triassic rocks when 
fully developed, as, for example, in the Bavarian Alps : — 

Generalised Section of the Triassic Rocks < 
Central Europe. 



ij^^ 



With regard to the life of the Triassic period, we have 1- 
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notice a difference as concerns the different members of the 
, group similar to that which has been already mentioned in 
connection with the Permian formation. The arenaceous 
■■deposits of the series, namely, resemble those of the Permian, 
not only in being commonly red or variegated in their colour, 
but also in their conspicuous paucity of organic remains. 
They for the most part are either wholly unfossiliferous, or 
they contain the remains of plants or the bones of reptiles, 
such as may easily have been drifted from some neighbouring 
shore. The few fossils which may be considered as properly 
belonging to these deposits are chiefly Crustaceans (EsJheria) 
or Fishes, which may well have lived in the waters of estuaries 
or vast inland seas. We may therefore conclude, with con- 
siderable probability, that the barren sandy and marly accumu- 
lations of the Bunter Sandstein and Lower Keuper were not 
laid down in an open sea, but are probably brackish- water 
deposits, formed in estuaries or land-locked bodies of salt 
water. This at any rate would appear to be the case as regards 
these members of the series as developed in Britain and in 
Iheir typical areas on the continent of Europe ; and the origin 
of most of the North American Trias «ould appear to be 
much the same. Whether this view be correct or not, it is 
n that the beds in question were laid down in s/iallow 
k wate^ and in the immediate vicinity of land, as shown by the 
rous drifted plants which they contain and the common 
loccurrence in them of the footprints of air-breathing animals 
I [Birds, Reptiles, and Amphibians), On the other hand, the 
r mddle and highest members of the Trias are largely calca- 
teous, and are replete with the remains of undoubted marine 
animals. There cannot, therefore, be the smallest doubt but 
lliai the Muschelkalk and the Rh^etic or Kossen beds were 
slowly accumulated in an open sea, of at least a moderate 
I liepLh; and they have preserved for iis a very considerable 
I selection from the marine fauna of the Triassic period. 

The plants of the Trias are, on the whole, as distinctively 

Mesozoic in their aspect as those of the Permian are Palseo- 

^oic. In spite, therefore, of the great difficulty which is ex- 

J Perienced in effecting a satisfactory stratigraphical separation 

I between the Permian and the Trias, we have in this fact a 

Pf'oof that the two formations were divided by an interval of 

I '"Me sufficient to allow of enormous changes in the terrestrial 

I Vegetation of the world. The Lepidodaidroids, Asterophylliles, 

^Dd Annularies, of the Coal and Permian formations, have now 

Apparently wholly disappeared ; and the Triassic flora consists 

'•iainly of Ferns, Cycads, and Conifers, of which only the two 




sent considerable resemblance to young Palms, but which in 
reality are most nearly related to the Pines and Firs {Conifera). 
The trunk is unbranched, often much shortened, and bears a 
crown of feathery pinnate fronds. The leaves are usually 
"circinate" — they unroll in expanding, like the fronds of 
ferns. The seeds are not protected by a seed-vessel, but are 
borne upon the edge of altered leaves, or are carried on the 
scales of a cone. All the living species of Cycads are natives 
of warm countries, such as South America, the West Indies, 
Japan, Australia, Southern Asia, and South Africa. The 
remains of Cycads, as we have seen, are not known to occur 
in the Coal formation, or only to avery limited extent towards 
its close ; nor are they known with certainty as occurring in. 
Permian deposits. In the Triassic period, however, the re- 
mains of Cycads belonging to such genera as PterophyUuvm- 
(fig. 141, b), Zamiles, and Podozamites (fig. 141, c), are suffi,— 
ciently abundant to constitute quite a marked feature in the 
vegetation ; and they continue to be abundantly represented 
throughout the whole Mesozoic series. The name "Age of 
Cycads," as applied to the Secondary epoch, is therefore, 
from a botanical point of view, an extremely appropriate one. 
The Conifers of the Trias are not uncommon, the principal 
form being VoUzia (fig. 141, a), which possesses some peculiar 
characters, but would appear to be most nearly related to ihc 
recent Cypresses. 

As regards the Invertebrate animals of the Trias, our know- 
ledge is still principally derived from the calcareous bsds 
which constitute the centre of the system (the MuschelkaUi) 
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on the continent of Europe, and from ihe St Cassian and 
Rhsetic beds still higher in the series ; whilst some of the 




Classic strata of California and Nevada have likewise yielded 
mmerous remains of marine Invertebrates. The Protozoans 
ire represented by Foraminifera and Sponges, and the Cositn- 
Stales by a small number of Corals; but these require no 
fecial notice. It may be mentioned, however, that the great 
PalKDzoic group of the Rugose corals has no known repre- 
sentative here, its place being taken by corals of Secondary 
type (such as Montlivaltia, Synastrma, &c.) 

The Eehinodenns are represented principally by Crinoids, 

Sic remains of which are extremely abundant in some of the 

Riestones. The best-known species is the famous " Lily- 

cdnite" {Encrinus liliiformis, fig. 14s), which is character- 
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c of the Muschelkalk. In this beautiful species, the flower- 
like head is supported upon a rounded stem, the joints of 
which are elaborately articulated with one 
another ; and the fringed arms are com- 
posed each of a double series of alter- 
nating calcareous pieces. The Palaeozoic 
Urchins, with their supernumerary rows of 
plates, the Cystideans, and the Pentremites 
have finally disappeared ; but both Star- 
fishes and Brittle-stars continue to be rep- 
resented. One of the latter — namely, the 
A spitiura/aricaf a otGo\d[\iss (fig. 143)— is 







:, Gtira 

highly characteristic of the Muschelkalk. 

The remains of Articulate Animals are 
not very abundant in the Trias, if we except 
the bivalved cases of the little Water-fleas 
(Ostraeoda), which are occasionally very 
plentiful. There are also many species 
of the homy, concentrically-striated valves 
of the Estheria (see fig. 122, b\ whicK 
might easily be taken for small Bivalve 
Molluscs. The "Long-tailed" Dea^>ods, 
of the type of the Lobster, are not with- 
G^i)-. "'"''"''^''' out examples, but they become much more 
numerous in the succeeding Jurassic pe- 
riod. Remams of msects have also been discovered. 

Amongst the Mollusm we have to note the disappearance, 
amongst the lower groups, of many characteristic Palieozoic 
types. Amongst the Polyzoans, the characteristic " Lace- 
corals," Fenestdla, Rttepora,* Synodadia, Polypora, &c,, have 

* The genus A'riqflura is really a recent one, represented by livinEfofW; 
and the so-called Rettpora of the Palseozoic rocks should properly leceh* 
another name [Phyllopora), as being of a different nature. The name 
Retepora has been here retained for these old fonns simply in accordance 
with general usage. 
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>ecome apparently extinct The same is true of many of the 
mcient types of Brachiopods, and conspicuously so of the 
peal family of the Productida, which played such an important 
>art in the seas of the Carboniferous and Permian periods. 

Bivalves {^Lanullibranchiata) and Univahes {Gasteropoda) 
are well represented in the marine heds of the Trias, and 
soroe of the former are particularly characteristic either of the 
formation as a whole or of minor subdivisions of it. A few of 
Mhese characteristic species are figured in tlie accompanying 
T^Hlustration (fig. 144). Bivalve shells of the genera Daoiulia 
Wfig. 144, a) and Halobia {Monotts) are very abundant, and are 
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I the Triassic strata of almost all regions These 

_roups belong to the family of the Pearl ojsters ( ivicididce), 

md are singular from the striking resemblance borne by some 

Jof their included forms to the "itrophomeiia amongst the Lamp- 

diells, though, of course, no real relation exists between the 

^o. The little Pearl-oyster, Avicula socialu i^^%. 144, /), is 

Knmd throughout the greater part of the Triassic series, and is 

Especially abundant in the Muschelkalk. The genus Myo- 

^horia (fig. 144, c), belonging to the Trigoniadm, and related 

merefore to the Permian ScAizodus, is characteristically Trias- 

:, many species of the genus being known in deposits of this 

Lastly, the so-called " Rhaetic " or " Kossen " beds are 
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characterised by the occurrence in them of the Scallop, Peden 
Valonimsis {fig. 144, b) ; the small Cockle, Card'tum RhtEtieum 
(fig. 144, d); and the curiously-twisted Pearl-oyster, Avictda 
contorta (fig. 144, rf)— this last Bivalve being so abundant that 
the strata in question are often spoken of as the " Avicula 
contorta beds." 

Passing over the groups of the Heteropods and Pieropods, 
we have to notice the Cephalopoda, which are represented in 
the Trias not only by the chambered shells of TetrabrimchiaUs, 
but also, for the first time, by the internal skeletons oi Dibran- 
chiate forms. The Trias, therefore, marks the first recognised 
appearance of true Cuttle-fishes. All the known examples of 
these belong to the great Mesozoic group of the Bdemmlida; 
and as this family is much more largely developed in the suc- 
ceeding Jurassic period, the consideration of its characters 
will be deferred till that formation is treated of. Amongst the 
chambered Cephalopods we find quite a number of the Palae- 
ozoic Orthoceratites, some of them of considerable size, along 
with the ancient Cyrtocfras and Goniatiles ; and these old types, 
singularly enough, occur in the higher portion of the Trias 
(St Cassian beds), but have, for some unexplained reason, not 
yet been recognised in the lower and equally fossiliferous 
formation of the Muschelkalk. Along with these we meet for 
the first time with true Ammonites, which fill such an extensive 
place in the Jurassic 
seas, and which will 
be spoken of here- 
after. The form, hoiv- 
ever, which is most 
characteristic of the 
Trias is CeratiUt(&g. 
145). In this genus 
the shell is curved Into 
a flat spiral, the voJu- 
tions of which are in 
contact; anditfurthfl" 
agrees with both ft- 
niali/fsand-AmmoniUs 
in the fact that the ■ 
" "' ''°nnjVrara"beh'md!'''MuKh^kdk'.'''''°"'"° scpta Or parti tiOD s bfr ' 
tween the air-chaio-' 
bers are not simple and plain (as in the JVauii/us and its allies), - 
but are folded and bent as they approach the outer wall of the 
shell. In the Goiiiatiie these foldings of the septa are of a simply 
lobf^d or angulated nature, and in the AmmgniU they ue eta 
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tremely complex; whilst in the Ctratite there is an inter- 
mediate state of things, the special feature of which is, that 
those foldings which are turned towards the mouth of the 
shell are merely rounded, whereas those which are turned 
away from the mouth are characteristically toothed. The 
genus Cenxtites, though principally Triassic, has recently been 
recognised in strata of Carboniferous age in India. 

From the foregoing it will be gathered that one of the most 
important points in connection with the Triassic MoUusca is 
the remarkable intermixture of Palseozoic and Mesozoic types 
which they exhibit. It is to be remembered, also, that this 
intermixture has hitherto been recognised, not in the Middle 
Triassic limestones of the Muschelkalk, in which — as the 
oldest Triassic beds with marine fossils — we should naturally 
expect to find it, but in the St Cassian beds, the age of which 

considerably later than that of the Muschelkalk. The 
intermingling of old and new types of She!l-fish in the Upper 
Trias is well brought out in the annexed table, given by Sir 
Charles Lyell in his 'Student's Elements of Geology' (some 
of the less important forms in the table being omitted here): — 



I 



Genera of Fossti, Mollusca in th 


E St Cassian 




AND HALTJTADT BEBS. 




nncB 10 Older Roctu. 


OmractFrisiic of Triassic 


Con.^.<.„<a Newer 


Orthoceras. 


Ceratiles. 


Ammoniles. 


Bactriles. 


Cochloceras. 


Chcmniliia. 


Macrocheilus. 


RhatidQceras. 


Cerilhium. 




Aubcoceras. 


MonodontB 


Hdopella. 
Murchisonia. 


Nalicella. 


Sphnrn. 


Platystoma. 


Cardila. 


Porcellia. 


Halobk. 


Myoconcha 




HarneslB. 


Hbimtes. 


Retzia. 


Koninckia. 


Monotis. 


Cyrtina. 


ScolioEtoma. 


PlicBtula, 


Eiiompholus. 


Myophoria. 
(The last two arc princi- 


Pachyrisma. 
ThecidLum. 



pally but not exclus- 
ively Triassic.) I 

Thus, to emphasise the more important points alone, the Trias 
has yielded, amongst the Gasteropods, the characteristically 
Palffiozoic Loxonema, Holopetla, Murchisonia, Euomphalus, and 
Porcellia, along with typically Triassic forms like Platystoma 
And Scoliosioina, and the great modem groups Chemnitzia and 
'.Oriikium. Amongst the Bivalves we find the Palteozoic 
( side by side with the Triassic Halohia and Myo- 
fhoria, these being associated with the Cnrdttte. Hitinites, 
f'Hcatidix, and Trigenia of later deposits. The Brachiopods 
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exhibit the Palseozoic Aihyris, Retsia, and Cyrtina, with the 
Triassic Konimkia and the modern TTiecidium. Finally, it is 
here that the ancient genera Orthoceras, Cyrtoceras, and Gonia- 
tilf! make their last appearance upon tlie scene of life, the 
place of the last of these being taken by the more complex 
and almost exclusively Triassic Cemiites ; whilst the still more 
complex genus Ammonites iirst appears here in force, and is 
never again wanting till we reach the close of the Mesozoic 
period. The first representatives of the great Secondary 
family of the Belannites are also recorded from this horizon. 

Amongst the Vertebrate Animals of the Trias, the Fishes are 
represented by numerous forms belonging to the Ganoids and 
the Pltieoids. The Ganoids of the period are still all provided 
with unsymmetrical {"heterocercal") tails, and belong prin- 
cipally to such genera as Palmoniscus and Catopterus. The 
remains of Placoids are in the form of teeth and spines, the 
two principal genera being the two important Secondaiy 
groups Acrodus and Hybodus. Very nearly at the summit 
of the Trias in England, in the Rh^tic series, is a singular 
stratum, which is well known as the " bone-bed," from the 
number of fish-remains which it contains. More interesting, 
however, than the above, are the curious palate-teeth of the 
Trias, upon which Agassiz founded the genus Ceralodus. The 
teeth of Coratndus (tig. 146) are singuli 




composed of spongy bone beneath, covered superficially fl 
a layer of enamel Each plate is approximately triangular, 
one margin (which we now know to be the outer one) being 
prolonged into prongs or conical prominences, whilst the 
surface is more or less regularly undulated. Until recently, 
though the master-mind of Agassiz recognised that these 
singular bodies were undoubtedly the teeth of fishes, we were 
entirely ignorant as to their precise relation to the animal, or 
as to the exact affinities of the fish thus armed. Lately, how- 
ever, there has been discovered in the rivers of Queensland 
(Ajistralia) a living species of Ceratodus {C. Fasten, fig. 147), 
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with teeth precisely similar to those of its Triassic predecessor ; 
and ws thus have become acquainted with the use of these 



Fig. ., 






structures and the manner in which they were implanted in 
the mouth. The palate carries two of these plates, with their 
longer straight sides turned towards each other, their sharply- 
sinuated sides turned outwards, and their short straight sides 
or bases directed backwards. Two similar plates in the lower 
correspond to the upper, their undulated surface.^ fitting 
exactly to those of the opposite teeth. There are also two 
sharp-edged front teeth, which are placed in the front of the 
mouth in the upper jaw ; but these have not been recognised 
in the fossil specimens. The living Ceratodits feeds on vege- 
table matters, which are taken up or lorn off from plants by 
the sharp front teeth, and then partially crushed between the 
undulated surfaces of the back teeth (Giinlher) ; and there 
need be little doubt but that the Triassic Ceratodi followed 
a similar mode of existence. From the study of the living 
Qeratoiius, it is certain that the genus belongs to the same 
gmup as the existing Mud-fishes (Dipnoi); and we therefore 
Iram that this, the highest, group of the entire class of Fishes 
easted in Triassic tiroes under forms little or not at all differ- 
tnt from species now alive ; whilst it has become probable 
that the order can be traced back into the Devonian period. 

The Amphibians of the Trias all belong to the old order of 
ihe La&yrvttAodonts, and some of them are remarkable for 
their gigantic dimensions. They were first known by their 
footprints, which were found to occur plentifully in the Tri- 
Wsic sandstones of Britain and the continent of Europe, and 
which consisted of a double series of alternately-placed pairs 
of hand-shaped impressions, the hinder print of each pair being 
OiDch larger than the one in front (fig. 148). So like were these 
impressions to the shape of the human hand, that the at that 
tbc unknown animal which produced them was at once chris- 
Imed Chdrotkerium, or " Hand-beast." Furtht 
however, soon showed that the footprints of Chdrotherium 
were really produced by species of Amphibians which, like 
nisting Frogs, possessed hind-feet of a much larger size ' 



'■rotkerium ^^H 
1, like the ^H 
size than ^^^ 
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the fore-feet, and to which the 
name of Labyrinthodonts was ap- 
plied in consequence of the 
complex microscopic structure of 
the teeth (fig. 149). In the essen- 
tial details of their structure, the 
Triassic Labyrinthodonts did not 
differ materially from their pre- 
decessors in the Coal-measures 
and Permian rocks They pos- 

essed e same f og ke skulls 
(fi^ 50) VI h a izard kebody, 
a ong ad o nparatively 

eeb e nb Ih d- limbs 
on fie and onger than 
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;e of tlie body was protected by an armour of bony plates. 

: of the Triassic Labyrinthoidonts must have attained 
^mensions utterly unapproached amongst existing Amphibians, 
j[he skull of Lahrint/ieden /isgeri {i\g. 150) beiiif; upwards of 




e feet in length and two feet in breadth. Restorations of 
ime of these extraordinary creatures have been attempted in 
te guise of colossal Frogs ; but they must in reality have more 
teltBdy resembled huge Newts. 

Remains of Reptiles are very abundant in Triassic deposits, 
land belong to very varied types. The most marked feature, 
in fact, connected with the Vertebrate fauna of the Trias, and 
of the Secondary rocks in general, is the great abundance of 
Reptilian life. Hence the Secondary period is often spoken 
of as the "Age of Reptiles." Many of the Triassic reptiles 
<iepart widely in their structure from any with which we are 
Acquainted as existing on the earth at the present day, and it is 
only possible here to briefly note some of the more important 
of these ancient forms. Amongst the group of the Lizards 
I {^artilia), represented by Protorosaurus in the older Permian 
\ ^fata, three types more or less certainly referable to this order 
imay be mentioned. One of these is a small reptile which 
\ *as found many years ago in sandstones near Elgin, in Scot- 
land, and which excited special interest at the time in conse- 
quence of the fact that the strata in question were believed to 
I'eiongto the Old Red Sandstone formation. It is, however. 
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now certain that the Elgin sandstones which contain Telerpeton 
Elginmse, as this reptile is termed, are really to be regarded as 
of Triassic age. By Professor Huxley, Tderptton is regarded 
as a Lizard, which cannot be considered as " in any sense 
a leas perfectly -organised creature than the Gecko, whose 
swift and noiseless run over walls aud ceilings surprises the 
traveller in climates warmer than our own," The "Elgin Sand- 
stones" have also yielded another Lizard, which was originally 
described by Professor Huxley under the name oi Hyperoda- 
ptdon, the remains of the same genus having been subsequendy 
discovered in Triassic strata in India and South Africa, The 
Lizards of this group must therefore have at one time enjoyed 
a very wide distribution over the giobe ; and the living Sphmo- 
don of New Zealand is believed by Professor Huxley to be the 
nearest living ally of this iamily. The Hyperodapedoti of the 
Elgin Sandstones was about six feet in length, with limbs 
adapted for terrestrial progression, but with the bodies of the 
verlebrre slightly biconcave, and having two rows of palatal 
teeth, which become worn down to the bone in old age. 
Lastly, the curious Rhymhosaurus of the Trias is also referred, 
by the eminent comparative anatomist above mentioned, to the 
order of the Lizards. In this singular reptile (fig. 151) the skull 
is somewhat bird-like, and the 
jaws appear to have been desti- 
tute of teeth, and to have been 
encased in a homy sheath Ulie 
the beak of a Turtle or a Bird. 
It is possible, however, that die 
palate was furnished with teedi. 
Fig. ,s,.-SMW^y^.rW™»./,- ^1^^ g^jjyp ^f ^^g Crocodiles 

and Alligators {Crocodiltd), dis- 
tinguished by the fact that the teeth are implanted in dis- 
tinct sockets and the skin more or less extensively provided 
with bony plates, is represented in the Triassic rocks by the 
Stagonolepis of the Elgin Sandstones. The so-called "Theco- 
dont " reptiles (such as Sehdon, T/ucodonlosaurus, amd Pako- 
saurus, fig. 152, c, d, e) are also nearly related to the Croco- 
diles, though it is doubtful if they should be absolutely refend 
to this group. In these reptiles, the teeth are implanted in 
distinct sockets in the jaws, their crowns being more or less 
compressed and pointed, " with trenchant and finely serrate 
margins " (Owen). The bodies of the vertebne are hollowed 
out at both ends, but the limbs appear to be adapted for pro- 
gression on the land. The genus Belodon (fig. 152, t) i* 
known to occur in the Keuper of Germany and in America) 
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and PaliEosmirus (fig. 153, e) has also been found in the Trias 
of the same region. Teeth of the latter, however, are found, 
along with remains of Thecodontosawus (fig. 153, <[), in a 
singular raagnesian conglomerate near Bristol, which- was 
originally believed to be of Permian age, but which appears 
to be undoubtedly Triassic, 




The Trias has also yielded the remains of the great marine 
repcOes which are often spoken of collectively as the " Enalio- 
saurians " or " Sea-lizards," and which will be more particularly 
spoken of in treating of the Jurassic period, of which they are 
more especially characteristic In all these reptiles the limbs 
are flattened out, the digits being enclosed in a continuous 
skin, thus forming powerfiil swimming-paddles, resembling the 
"flippers" of the Whales and Dolphins both in their general 
structure and in (unction. The tail is also long, and adapted 
to act as a swimming-organ ; and there can be no doubt but 
that these extraordinary and often colossal reptiles frequented 
the sea, and only occasionally came to the land. The Triassic 
EnaHosaurs belong to a group of which the later genus 
Plesiosaurus is the type (the Sauropterygta). One of the best 
known of the Triassic genera is Nothosaurus (fig. 152, a), in 
which the neck was long and bird-like, the jaws being im- 
mensely elongated, and carrying numerous powerful conical 
leeth implanted in distinct sockets. The teeth in Simosaunis 
(152, b) are of a similar nature ; but the orbits are of enormous 
size, indicating eyes of corresponding dimensions, and perhaps 
pointing to the nocturnal habits of the aniinaL In the singular 
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Placodus, again, the teeth are in distinct sockets, but resemble 
those of many fislies in being rounded and obtuse (tig. 153), 
forming broad crushing plates 
adapted for the commina- 
tion of shell-fish. There is a 
row of these teeth all round 
the upper jaw proper, and a 
doubie series on the palate, 
but the lower jaw has oniy a 
single row of teeth. Piacodus \ 
is found in the Muschelkalk, 1 
and the characters of its den- 
tal apparatus indicate that ' 
it was much more peaceful j 
in its habits than its asso- 
ciates the Nothosaur and Si- 
mosaur. 
'I'he Triassic rocks of South Africa and India have yielded 
the remains of some extraordinary Reptiles, which have been 
placed by Professor Owen in a separate order under the name 
of Anomodontia. The two principal genera of this group are 
Dkyitodon and Oudmodon, both of which appear to have been 
large Reptiles, with well-developed limbs, organised for pro- 
gression upon the dry land In Oudmodon (fig. 154, B) the 
jaws seem to have been wholly destitute of teeth, and must 
have been encased in a homy sheath, similar to that with 
which we are familiar in the beak of a Turtle. In Dicynedm 
(fig. 154, A), on the other hand, the front of the upper jaw 
and the whole of the lower jaw were destitute of teeth, and 
the front of the mouth must have constituted a kind of beak; 
but the upper jaw possessed on each side a single huge conical 
tusk, which is directed downwards, and must have continued 
to grow during the life of the animal. 

It may be mentioned that the above-mentioned Triassic 
sandstones of South Africa have recently yielded to there- 
searches of Professor Owen a new and unexpected type of 
Reptile, which exhibits some of the structural peculiarides 
which we have been accustomed to regard as characteristic 
of the Carnivorous quadrupeds. The Reptile in question has 
been named Cyiwdraco^ and it is looked upon by its distin- 
guished discoverer as the type of a new order, to which he has 
given the name of Tkeriodontia. The teeth of this singular 
form agree with those of the Carnivorous quadrupeds in con- j 
sisting of three distinct groups — namely, front teetli or indsen, 
teeth or eatiines, and back teeth or molars. The caniix>i 
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bo are long and pointed, very much compressed, and having 
peir lateral margins finely serrated, thus presenting a singular 




Reptile!, A. s 

El, Skull or pH 






semblance to the teeth of the extinct " Sabre-toothed Tiger " 
Machairoiius). The bone of the upper arm (hnmerus) further 
hows some remarkable resemblances to the same bone in the 
!)amivorous Mammals. As has been previously noticed, Pro- 
ir Owen is of opinion that some of the Reptilian remains 
of the Permian deposits will also be found to belong to this 
group of the "Theriodonts." 

I^astly, we find in the Triassic rocks the remains of Reptiles 
islonging to the great Mesozoic order of the Deuwsauria. 
This order attains its maximum at a later period, and will be 

iken of when the Jurassic and Cretaceous deposits come to 
le considered. The chief interest of the Triassic Reptiles of 
'ftis group arises from the fact that they are known by their 
footprints as well as by their bones ; and a question has arisen 
■heiher the supposed footprints of i/ri/j which occur in the 
1 Trias have not really been produced by Deinosaurs. This 
leads us, therefore, to speak at the same time as to the evi- 
dence which we have of the existence of the class of Birds 
during the Triassic period. No actual bones of any bird have 
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as yet been detected in any Triassic deposit ; but we have 
tolerably clear evidence of their existence at this time in the 
form ai footprints. Tlie impressions in question are found in 
considerable numbers in certain red sandstones of the age of 
the 'I'rias in the valley of the Connecticut River, in the United 
States. They vary much in size, and have evidently been 
produced by many different animals walking over long 
stretches of estuarine mud and sand exposed at low water. 
The footprints now under consideration form a double series 
of single prints, and therefore, beyond all question, are the 
tracks of a biped —'Cn^'r. is, of an animal which walked upon 
two legs. No living animals, save Man and the Birds, walk 
habitually on two legs ; and there is, therefore, a prim& fade 
presumption that the authors of these prints were Birds, j 
Moreover, each impression consists of the marks of three toes i 
turned forwards (fig. 155), and therefore are precisely such as J 




might be produced by Wading or Cursorial Birds. Further, 
the impressions of the toes show exactly the same numerical 
progression in the number of the joints as is observable tf' 
living Birds — that is to say, the innermost of the three toes 
consists of three joints, the middle one of four, and the outw 
one of five joints. Taking this evidence collectively, it would 
have seemed, until lately, quite certain tint these tracks could 
only have been formed by Birds. It has, however, been 
shown that the Deinosaurian Reptiles possess, in some cases 
at any rate, some singularly bird -like characters, araongil' 
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which is the fact that the animal possessed the power of 

walking, temporarily at least, on its hind-legs, which were 

much longer and stronger than the fore -limbs, and which 

were sometimes furnished with no more than three toes. 

As the bones and teeth of Deinosaurs have been found in 

the Triassic deposits of North America, it may be regarded as 

certain that some of the bipedal tracks originally ascribed to 

Birds must have really been produced by these Reptiles. It 

seems at the same time almost a certainty that others of the 

three-toed impressions of the Connecticut sandstones were in 

truth produced by Birds, since it is doubtful if the bipedal 

mode of progression was more than an occasional thing 

amongst the Deinosaurs, and the greater number of the 

many known tracks exhibit no impressions of fore - feet. 

Upon the whole, therefore, we may, with much probability, 

conclude that the great class of Birds {Arcs) was in existence 

the Triassic period. If this be so, not only must there 

been quite a number of different forms, but some of 

must have been of very large size. Thus the largest 

itprints hitherto discovered in the Connecticut sandstones 

are 21 inches long and 12 inches wide, with a proportionate 

length of stride. These measurements indicate a foot four 

times as large as that of the African Ostrich ; and the animal 

■which produced them — whether a Bird or a Deinosaur — must 

|iave been of colossal dimensions. 

Finally, the Trias completes the tale of the great classes of 
■lie Vertebrate sub-kingdom by presenting us with remains of 
ftefiret known of the true Quadrupeds or Mammalia. These 
are at present only known by their teeth, or, in one instance, 
il)y one of the halves of the lower jaw ; and these indicate 
minute Quadrupeds, which present greater affinities with the 
lillle Banded Ant-eater {Myrmecobitts fasciatus, iig. 158) of 
than with any other living form. If this conjecture 




be correct, these ancient Mammals belonged to the order of 
il^ Uanupiala 01 Pouched Quadrupeds {Marsupiaiia), which 
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V exclusively confined to the Australian province, f 
America, and the southern portion of North .' 




the Old World, the only known Triaasic Mammals belong to 
the genus MicroUstes, and to the probably identical Hyptt- 
prymttopsis of Professor Boyd Dawkins. The teetli of Micr(h 
lestes (fig. 157) were originally discovered by PUeninger in 
1847 in the "bone-bed" which is characteristic of the sum- 
mit of the Rhcetic series both in Britain and on the continent 
of Europe ; and the known remains indicate two species. In 
Britain, teeth of MicroUstes have been discovered by Mr 
Charles Moore in deposits of Upper Triassic age, filling a 
fissure in the Carboniferous limestone near Frome, in Somer- 
setshire ; and a molar tooth of Hypsiprymnopsis was found by 
Professor Boyd Dawkins in RliEetic marls below the " bone- 
bed " at WaCchet, also in Somersetshire. In North America, 
lastly, there has been found in strata of Triassic age one of 
the branches of the lower jaw of a small Mammal, which has 
been described under the name of Droinatherium sylvestre 
(fig. 156). The fossil exliibits ten small molars placed side 
by side, one canine, and three incisors, separated by small 
intervals, and it indicates a small insectivorous animal, pro- 
bably most nearly related to the existing Myrmecobius. 

'I'lie following list comprises a few of the more importnnt soui-ces of 
information as to Ihe Triassic strata and Iheir fossil contents :— 
(i) ' Geology of Oxford and the Valley of the Thames." Phillips, 
(z) 'Memoirs of the Geological Survey of Great Britain and Irelaiid.' 
(3) 'Keport oa the Geology of Londonderry,' &C. Fortlock. 
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(8) 
*3) 



"On the Zone of Avicok contorta," &c. — 'Quart. Toum. Geol. 

Soc.,' vdl. xvi, i860. Dr Thomas Wright, 
" On the Zones of the Lower Lias acd the Avicula contarla Zone " 

—' Quart. Jonrn. Oeol. Soc.,' vol. xvii., 1861, Charles Moote. 
" On Abnormal Conditions of Secondary Deposits," &c. — ' Quart 

Journ. Ueol. Soc,' vol. ixiiL., 1876-77. Charles Moore. 
' Get^nosliache Beschreibung des Bayerischen Alpcngebirges.' 

Giimbel. 
'LelhEca Rossica.' Pander, 
' Lethasa Get^oslica.' Bronn. 
'Pelrefacta Germaniic.' Coldfuss. 
' Petrefalttenkande.' Quenstcdt. 
'Monograph of the Fossil Estheria;' (Pakeont<^:raphical Society). 

Rupert Jones. 
" Fossil Remains of Three Distinct Saurian Animals, recently dis- 
covered in the Magnesian Conglomerate near Bristol " — ' Trans. 

GeoL Soc.,' ser. 2, vol. v., i&p. Riley and Slutchbury. 
' Die Saurier des Mnschekalkes.' Von Meyer. 
' Beilrage aur Palasonlologie Wuttlembeigs. ' Von Meyer and 

Plieninger. 
'Manual of PaUeontology.' Owen. 
' Odonti^raphy. ' Owen. 

'Report on Fossil Reptiles' (British Association, lS4[). Owen. 
"On Dicynodon"— 'Trans. Geol. Soc.,' vol. iii., 1845. Owen. 
' Descriptive Catalogue of Fossil Reptilia and Fishes in the Museum 

of the Royal College of Surgeons. England.' Owen. 
" On Spedesof Labyrinlhodonftom Warwickshire " — 'Trans. Geol. 

Soc,' ser. 2, vol. vi. Owen. 
"On a Carnivorous Reptile" (Cynodtaco major), itc.—' Quart. 

Toum. GeoL Soc.,' vol. xxxii., 1876. Owen. 
" On Evidences of Theriodonts in Permian Deposits," &c.— ' Quari. 
jDUto. Geoi. Soc,,' vol. xjudi., 1876. Owen. 
On the StagoDolepis Robertsoni," &c. — 'Quart. Joutn. 



Soc,' voL J 
" On a New Specim? 

Geol. Soc' vol. " 
" On Hyperodapcdor 

1869. Huxley. 
"On the Alfiniti " 



Huxley. 

TelerpetonElginense"— 'Quart. Toui 
1866. Huxley. 
■'Quart. Joum. Geol. Soc.,' voL xx' 

ECU the Deii 



Reputes and Birds " 
Quart. Journ. GeoL Soc.,' vol. xxvi., 1S70. Huxley. 

"On the Ciassificatiou of the Dcinosauria," &c— 'Quart. Journ. 
GeoL Soc,' vol. xxvi.. 1870. Huxley. 

" Palteontologica Indica " — ' Memoirs of the Geol. Survey of India. ' 

"On the Geolc^ical Position and Geographical Distribution of the 
Dolomitic Conglomerate of the Bristol Area"— ' Quart. Joum. 
Geo!. Soc.,' VOL xxvi., 1870. R. Elheridge, sen. 

"Remains of LabyrinlhodoQta from Ihe Keuper Sandstone ot War- 
wick"— 'Quart. Journ. GeoL Soc,' vol. xxx., 1B74. MialL 

'Manual of Geology,' Dana, 

'Synopsis of Extinct Batrachia and Replilia of North America.' 
Cope. 

'Fo^l Footmarks,' Hitchcock. 

'Ichnology of New England.' Hitchcock. 

'Traile de Paleonlologie Veg^tale.' Schimper. 

'Histoire des Vegetaux Fossiles.' Brongniart, 

'Monographic der Fossilen Coniferen.' Gceppert. 
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CHAPTER XVI. 

THE JURASSIC PERIOD. 

J upon the Trias, with perfect conformity, and with 
an almost undeterminable junction, we have the great series of 
deposits which are known as the Oolitic Rocks, from the com- 
mon occurrence in them of oolitic limestones, or as the Juras- 
sic Rocks, from their being largely developed in the mountain- 
range of the Jura, on the western borders of Switzerland. 
Sediments of this series occupy extensive areas in Great Britain, 
on the continent of Europe, and in India. In North America, 
limestones and marls of this age have been detected in " the 
Black Hills, the Laramie range, and other eastern ridges of the 
Rocky Mountains ; also over the Pacific slope, in the Uintah, 
Wahsatch, and Humboldt Mountains, and in the Siena Ne- 
vada " (Dana) ; but in these regions their extent is still un- 
known, and their precise subdivisions have not been deter- 
mined. Strata belonging to the Jurassic period are also known 
to occur in South America, in Australia, and in the Arctic 
zone. When fully developed, the Jurassic series is capable of 
subdivision into a number of minor groups, of which some are 
clearly distinguished by their mineral characters, whilst others 
are separated with equal certainty by the differences of the 
fossils that they contain. It will be sufficient for our presenl 
purpose, without entering into the more minute subdivisions 
of the series, to give here a very brief and general account 
of the main sub-groups of the Jurassic rocks, as developed in 
Britain — the arrangement of the Jum-fomiation of the continent 
of Europe agreeing in the main with that of England. 

I. The Lias. — The base of the Jurassic series of Britain 
is formed by the great calcareo- argillaceous deposit of the 
"Lias," which usually rests conformably and almost inseparably 
upon the Rhsetic beds (the so - called " White Lias "), and 
passes up, generally conformably, into the calcareous sand- 
stones of the Inferior Oolite. The Lias is divisible into the 
three principal groups of the Lower, Middle, and Upper Lias, 
as under, and these in turn contain many well-marked "zonesi 
so that the Lias has some claims to be considered as an ind^ 
pendent formation, equivalent to all the remaining Ooli"<^ 
rocks. The Lower Lias (Terrain Sinemurien of D'Orbigo)*) 
sometimes attains a thickness of as much as 600 feet, and con- 
sists of a great series of bluish or greyish laminated cUyS, ■ 
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alternating with thin bands of blue or grey limestone — the 
whole, when seen in quarries or cliffs from a little distance, 
assuming a characteristically striped and banded appearance. 
By means of particular species of Ammonites, taken along with 
other fossils which are confined to particular zones, the Lower 
Lias may be subdivided into several well-marked horizons. 
The Middle Lias, or Marlsioiie Series {Terrain Liasien of 
D'Orbigny), may reach a thickness of 200 feet, and consists of 
sands, arenaceous marls, and argillaceous limestones, sometimes 
with ferruginous beds. I'he Upper Lias { Terrain Toarcien of 
D'Orbigny) attains a thickness of 300 feet, and consists princi- 
pally of shales below, passing tipwards into arenaceous strata. 

II. The Lower Oolites. — Above the Lias comes a com- 
plex series of partly arenaceous and argillaceous, but prin- 
dpally calcareous strata, of which the following are the more 
important groups : a. The Inferior Oolite (Terrain Bajociai 
of D'Orbigny), consisting of more than 200 feet of oolitic 
limestones, sometimes more or less sandy; b. The Fuller's 
Marth, a series of shales, clays, and marls, about 120 feet in 
thickness; c. The Great Oolite or Bath Oolite {Terrain Bath- 
imien of 'D'Orbigny), consisting principally of oolitic hrae- 
Stones, and attaining a thickness of about r3o feet. The well- 
known " Stonesfield Slates " belong to this horizon ; and the 
locally developed " Bradford Clay," " Cornbrash," and " For- 
est-marble" may be regarded as constituting the summit of 
this group. 

III. The Miudle Oolites. — The central portion of the 
Jurassic scries of Britain is formed by a great argillaceous de- 
posit, capped by calcareous strata, as follows : a. The Oxford 
Clay {Terrain Callovien&nA Terrain Oxfordien of D'Orbigny), 
consisting of dark-coloured laminated clays, sometimes reach- 
ing a thickness of 700 feet, and in places having its lower por- 
tion developed into a hard calcareous sandstone (" Kelloway 
Rock"); i. The Coral-Rag {Terrain Corallien of D'Orbigny, 
"Ncrinean Limestone" of the Jura, " Diceras Limestone" of 
the Alps), consisting, when typically developed, of a central 
mass of oolitic limestone, underlaid and surmounted by cal- 
careous grits. 

IV. The Upper Oolites,— a, The base of the Upper 
'Oolites of Britain is constituted by a great thickness (600 feet 
-or more) of laminated, sometimes carbonaceous or bituminous 
clays, which are known as the Kimmeridge Clay {Terrain Kim- 
miridgim oijy OrHgny); i, The Portland Beds {Terrvitt Bori- 
iaiuiien of D'Orbigny) succeed the Kimmeridge clay, and con- 
sist inferiorly of sandy beds surmounted by oolitic limestones 
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(" Portland Stone"), the whole series attaining a thickness of 
150 feet or more, and containing marine fossils; c. The Pur- 
heck Beds are apparently peculiar to Great Britain, where they 
form the summit of the entire Oolitic series, attaining a total 
thickness of from 150 to 200 feet. The Piirbeck beds consist 
of arenaceous, argillaceous, and calcareous strata, which can 
be shown by their fossils to consist of a most remarkable alter- 
nation of fresh-water, brackish- water, and purely marine sedi- 
ments, together with old land-surfaces, or vegetable soils, which 
contain the upright stems of trees, and are locally known as 
" Dirt-beds." 

One of the most important of the Jurassic deposits of the 
continent of Europe, which is believed to be on the horizon 
of the Coral-rag or of the lower part of the Upper Oolites, is 
the " Solenhofen Slate" of Bavaria, an exceedingly fine-grained 
hmestone, which is largely used in lithography, and is cele- 
brated for the number and beauty of its organic remains, and 
especially for those of Vertebrate animals. 

The subjoined sketch-section (fig. 159) exhibits in a dia- 
grammatia form the general succession of the Jurassic rocks of 
Britain. 

Regarded as a whole, the Jurassic formation is essentially 
marine ; and though remains of drifted plants, and of insects 
and other air-breathing animals, are noi uncommon, the fossils 
of the formation are in the main marine. In the Purbeck 
series of Britain, anticipatory of the great river-deposit of the 
IVealden, there are fresh-water, brackish-water, and even terres- 
trial strata, indicating that the floor of the Oolitic ocean was 
undergoing upheaval, and that the marine conditions which 
had formerly prevailed were nearly at an end. In places 
also, as in Yorkshire and Sutherlandshire, are found actual 
beds of coal : but the great bulk of the formation is an indu- 
bitable sea -deposit ; and its limestones, oolitic as they com- 
monly are, nevertheless are composed largely of the commin- 
uted skeletons of marine animals. Owing to the enormous 
number and variety of the organic remains which have been 
yielded by the richly fossiliferous strata of the Oolitic series, 
it will not be possible here to do more than to give an outline- 
sketch of the principal forms of life which characterise the 
Jurassic period as a whole. It is to be remembered, howevBi 
that every minor group of the Jurassic formation has its cwn 
peculiar fossils, and that by the labours of such eminent ob- 
servers as Quenstedt, Oppel, D'Orbigny, Wright, De la Eeche, 
Tate, and others, the entire series of Jurassic sediments admits 
of a more complete and more elaborate subdivision into 
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jgharacterised by special life-forms than has as yet been found 
^*-Tacticable in the case of any other rock-series. 



s 




■- Purbeck Beds. 
- Porlland Beds. 



-- Co rab rash and Forest-marble. 
- Great Oolite. 

- Fuller's Eartli 

-- Inferior OoHle. 

.. I Miildle Lias (Marlslone 



The plants of the Jurassic period consist principally of 
Cycads, and Conifers — agreeing in this respect, there- 
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fore, with those of the preceding Triassic formation. The 
Ferns are very abundant, and belong partly to old and partly 
to new genera. The Cy(ads are also ver)' abundant, and, on 
the whole, constitute the most marked feature of the Jurassic 
vegetation, many genera of this group being known {PUre- 
phyllum, Ofosamites, Zamites, Crossozamia, WiUiamsonia, Buck- 
landia, &c.) The so-called "dirt-bed" of the Purbeck series 
consists of an ancient soil, in which stand erect the trunks of 
Conifers and the silicified stools of Cycads of the genus Mantd- 
/ia(6g. i6o). The Coni/ercs of the Jurassic are represented by 





various forms more or less nearly allied to the existing AraU- 
cari^; and these are known not only by their stems or 
branches, but also in some cases by their cones. We meet, 
also, with the remains of undoubted Endogenous plants, the 
most important of which are the fruits of forms alUed to the 
existing Screw- pines {Pandaned), such as Podocarya and Ka'tdo- 
carpum. So far, however, no remains of Palms have been 
found; nor are we acquainted with any Jurassic plants which 
could be certainly referred to the great " Angiospennoas " 
group of the Ext^ens, including the majority of our ordmary 
plants and trees. 

Amongst animals, the Protozoans are well represented >P 
the Jurassic deposits by numerous Foramitiifers and Spon^r' 
as are the CtxlmUrales by numerous Corals. Remain* 
these last-mentioned organisms are extremely abundant 
some of the limestones of the formation, such as ^^ 
_ ' and the Great Oolite ; and the former of these 
fairly be considered as an ancient "reef" The ^vi^J^ 
Corals have not hitherto been detected in the Jurassic rocks; 
Tabulate Corals," so-called, are represented only bf 
les of the modern genus Millepora. With this 
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tion, all the Jurassic Corals belong to the great group which 
predoiu mates in recent seas (Zoantharia scierodermaia); and 
the majority belong to the important reef-building family of 
the "Stai-coT3\a" i^Astraida:). The form here figured {Thecos- 
milia annularis^ fig. 161) is one of the characteristic species 
of the Coral-rag. 



r,>Or'.-.. 
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The Echmoderms are very numerou'! and abundant fossils 
in the Jurassic senes, and ^re represented b> bea Jdies, Sea- 
urchins, Starfishes, and Brittle stars The Otiimds are still 
common, and some of the limestones of the series are largely 
composed of the debris of these organisms Most of the 
Jurassic forms resemble those with whiLh we are already 
familiar, in havmg the body perminentlv attached to some 
foreign object by means of a longer or shorter jointed stalk 
or " column ' One of the most characteristic Jurassic genera 
of these " stalked ' Crinoids (though not exclusively confined 
to this period) is Pentacrinus (fig. 162). In this genus, the 
column is five-sided, with whorls of " side-arms ; " and the arms 
are long, slender, and branched. The genus is represented 
at the present day by the beautiful " Medusa-head Pentacrin- 
itc " {Penlacrintis capul-mediisce). Another characteristic Oolitic 

5enus is ^/«!iri>/Hj, comprising the so-called "Pear Encrinites." 
n this group the column is long and rounded, with a dilated 
base, and having its uppermost joints expanded so as to form, 
with the cup itself, a pear-shaped mass, from the summit of 
which spring the comparatively short arms. Besides the . 
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" slaked " Crinoids, the Jurassic rocks have yielded' tt„^^_ 
mains of the higher group of the '■ free " Crinoids, sud^^ 




StucQsoma. These forms resemble the existing "Feather- 
stars" {Comatula) in being attached when young to 
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oreign body by means of a jointed stem, from whicli they 
ietach themselves when fully grown to lead an independent 
existence. In this later stage of their life, therefore, they 
dosely resemble the Brittle-stars in appearance. True Star- 
fishes {Asteroids) and Brittle-stars {Ophiuroids) are abundant 
in the Jurassic rocks, and the Sea-urchins {Echimids) are so 
numerous and so well preserved as to constitute quite a marked 
feiture of some beds of the series. All the Oolitic urchins 
agree with the modem Echinoids in having the shell composed 
oi'no more than twenty rows of plates. Many different genera 
are known, and a characteristic species of the Middle Oolites 
\Hcntieidaris craivlaris, fig. 163) is here figured. 





spines were stippaned. \\ 

I over the Annelides, which, though not uncommon, 
re of little special interest, we come to the Articulates, which 
also require little notice. Amongst the Crustaceans, whilst the 
little Water-fleas {Ostracoda) are still abundant, the most mark- 
ed feature is the predominance which is now assumed by the 
Decapods — the highest of the known groups of the class. True 
Crabs {Brachyura) are by no means unknown ; but the prin- 
cipal oh tic Decapods belonged to the " Long-tailed " group 
{Macrura), of which the existing Lobsters, Prawns, and 
Shrimps are members. The fine-grained lithographic slates of 
Solenhofen are especially famous as a depot for the remains 
'^f these Crustaceans, and a characteristic species from this 
'ocality {Eryon arctiformis, fig. 164) is here represented. 
Amongst the air-breathing Artiadates, we meet in the Oolitic 
^ocks with the remains of Spiders {Arachnida), Centipedes 
[Myriapodd), and numerous true Insects {Inseetd). In con- 
nection with the last-mentioned of these groups, it is of interest 
lo note the occurrence of the oldest known fossil Butterfly 
I —the Palaontina Ooiitica of the Stonesfield slate — the rela- 
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tionships of which appear to be with some of the living 
Butterflies of Tropical America. 
Coming to the MoUitsca, the Polyzmns, numerous and 




beautiful as they are, must be at once dismissed; but the 
Brackiopods deserve a moment's attention. The Jurassic 
Lamp-shells (fig. i6g) do not fill by any means such a pre- 
dominant place in the marine fauna of the period, as in many 
Palaeozoic deposits, but they are still individually numerous, 
The two ancient genera Leptana (fig. 165, a) and Spirifera (Sg. 
165, b), dating the one from the Lower and the other from the 
Upper Silurian, appear here for the last lime upon the scene, 
but they have not hitherto been recognised in deposits later 
than the Lias. The great majority of the Jurassic Brackiopods, 
however, belong to the genera Terebralula (fig. \&$,c,e,J) 
and Rhynchonella (fig. 165, d), both of which are represented 
by living forms at the present day. The Terebralula, in par- 
ticular, are very abundant, and the species are often cotifined 
to special horizons in the series. 

Remains of Bivalves (LamdhbranchicUa) are very numerous 
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in the Jurassic deposits, and in many cases highly character- 
fistic. In the marine beds of the Oolites, which constitute by 







&r the greater portion of the whole formation, the Bivalves 
tje of course marine, and belong to such genera as Trigonia, 
pima, Pholadnmya, Cardinia, Avkula, Hippopodium, &c. ; but 
I the Piirbeck beds, at the summit of the series, we find 
tnds of Oysters alternating with strata containing fresh-water 
r brackish-water Bivalves, such as Cyrena and Corbula. The 
ffedominant Bivalves of the Jurassic, however, are the Oysters, 
rhich occur under many forms, and often in vast numbers, 
tarticular species being commonly restricted to particular 
lorizons. Thus of the true Oysters, Ostrea dtsforfa is char- 
iscteristic of the Purbeck series, where it forms a bed twelve 
a thickness, known locally as the " Cinder-bed ; " Ostrea 
<sa abounds in the Portland beds; Ostrea ddloidea is 
iiaracteristic of the Kimmeridge clay ; Ostrea gregaria pre- 
lominates in the Coral-rag ; Ostrea acuminata characterises the 
mall group of the Fuller's Earth; whilst the plaited Ostrea 
Marsha (fig. i66) is a common shell in the Lower and Middle 
Mites. Besides the more typical Oysters, the Oolitic rocks 
tbound in examples of the singularly unsyoi metrical forms 



236 HISTORICAL PALEONTOLOGY. 



belonging to the genera Exogyra and Gryphaa (fig, 167). In 
the former of these are included Oysters with the beaks 




" reversed " — that is to say, turaed towards the liinder pari of 
the shell ; whilst in the latter are Oysters in which the lower 
valve of the shell is much the largest, and has a large incurved 
beak, whilst the upper valve is stnall and concave. One of 
the most characteristic Exogyra is the E. virgula of the Orforf 
Clay, and of the same horizon on the Continent; and the 
Gryphaa inairva (fig. 167) is equally abundant in, and char- 
acteristic of, the formation of the I,ias. Lastly, we inij 
notice the extraordinary shells belonging to the genus Dker^ 
(fig. 16S), which are exclusively confined to the Middle 
Oolites, In this formation in 

%the Alps they occur in such 
abundance as to give rise to 
the name of " Calcaire \. Di- 
cerates," applied to beds of 
the same age as the Coral- 
rag of Britain, The genus Di- 
ceras belongs to the same ftni- 
ily as the " Thorny Claras" 
\Chatna) of the present day — 
the shell being composed of 
nearly equally-sized valves, the 
Fig. .(s.-DK.r^.^n.u^.. Mddi= ^^^^^ ^f ^jj-^j^ ^^^ extremely 

prominent and twisted into a 
spiral. The shell was attached to some foreign body by the 
beak of one of its valves. 

Amongst the Jurassic Univalves {Gasteropoda) there are 

many examples of the ancient and long-lived Pleurotomaria ', 

but on the whole the Univalves begin to have a modem 

The round-mouthed (" holostomatous "), vegetatde 
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eating Sea-snails, such as the Limpets {Paiellida), the Nerites 
{Nerita), the Turritellm, Chemnitzia, &c., still hold a predomi- 
nant place. The two most noticeable genera of this group 
are Cerithium and Nerinaa — the former of these attaining 
great importance in the Tertiary and Recent seas, whilst the 
latter (fig. 169) is highly characteristic of the Jurassic series, 
though not exclusively confined to 
it One of the limestones of the 
Jura, believed to be of the age of 
the Coral-rag (Middle Oolite) of Bri- 
tain, abounds to sucli an extent in 
the turreted shells of Nerinaa as to 
have gained the name of " Calcaire 
\. N^rine'es." In addition to forms 
such as the preceding, we now for 
the first time meet, in any force, 
with the Carnivorous Uiiivalves, in 
which the mouth of the shell is 
notched or produced into a canal, 
giving rise to the technical name 
of " siphon ostomatous," applied to 
the shell. Some of the carnivorous 
forms belong to extinct types, such / 

as the Purpuroidea of the Great Oo- 
lite; but others are referable to wel g g 
Thus we meet here with species of th m 
Whellts (Buccinum), the Spindle -she {F ) 
shells {Pteroceras), Murex, Rostellaria d h h 
not at' present known to occur in any ar rm 

Amongst the Wiug-shells (Pieropoda) la fti m k 

the final appearance ih the Lias of the g n 

Lastly, the order of the Cephalopoda, in both its Tetrabran- 
chiate and Dibranchiate sections, undergoes a vast devel- 
opment in the Jurassic period. The old and comparatively 
simple genus Naitiilus is still well represented, one species 
being very similar to the living Pearly Nautilus (N. potnpilius); 
but the Orthocerata and Goniatites of the Trias have finally 
disappeared ; and the great majority of the Tetrabranchiate 
forms are referable to the comprehensive genus Ammonites, 
with its many sub-genera and its hundreds of recorded species. 
The shell in Ammonites is in the form of a fiat spiral, all the 
coils of which are in contact (figs. 170 and 171). The inner- 
most whorls of the shell are more or less concealed ; and the 
body-chamber is elongated and narrow, rather than expanded 
towards the mouth. The tube or siphuncle which runs dirough 
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the air-cliambers is placed on the dorsal or convex side of the 
shell ; but the principal character which distinguishes A/nman- 




■! f /urn f ><•■!<;«■ 



ites from Geniatites and Ceratitei is the wonderfully com^ 
manner in which the sepia, or partitions between the air-chan>- 
bers, are folded and undulated. To such an extent does this 
take place, that the edges of the septa, when exposed by the 




removal of the shell-substance, present in an exaggerated nisfr 
ner the appearance exhibited by an elaborately-dressed shirt- 
frill when viewed edgewise. The species of Ammonites rxa^ 
from the Carboniferous to the Chalk ; but they have not beffl 
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found in deposits older than the Secondary, in any region 
except India ; and they are therefore to be regarded as essen- 
tially Mesozoic fossils. Within tJiese limits, each formation 
is characterised by particular species, the number of individ- 
uals being often very great, and the size which is sometimes 
attained being nothing short of gigantic. In the Lias, par- 
ticular species of Ammoniits may succeed one another regu- 
larly, each having a more or less definite horizon, wjiich it does 
not transgress. It is thus possible to distinguish a certain 
number of zones, each characterised by a particular Ammonite, 
together with other associated fossils. Some of these zones 
are very persistent and extend over very wide areas, thus afford- 
ing valuable aid to the geologist in his determination of 
rocks. It is to be remembered, however, that there are other 
species which are not thus restricted in their vertical range, 
even in the same formations in which definite zones occur. 

The Cuttle-fishes or Dibranchiate Cepfialopods constitute a 
feature in the life of the Jurassic period little less conspicuous 
and striking than that afforded by the multitudinous and varied 
chambered shells of the Ammoniiida. The remains by which 
lliese animals are recognised are necessarily less perfect, as a 
rule, tban those of the latter, as no external shell is present 
(except in rare and more modem groups), and the internal 
skeleton is not necessarily calcareous. Nevertheless, we have 
an ample record of the Cuttle-fishes of the Jurassic period, in 
the shape of the fossilised jaws or beak, the ink-bag, and, most 
commonly of all, the horny or calcareous structure which is 
embedded in the soft tissues, and is variously known as the 
"pen" or "bone." The beaks of Cuttle-fishes, though not 
abundant, are sufficiently plentiful to have earned for them- 
selves the general title of " Rhynchohtes ; " and in their form 
and function they resemble the horny, parrot-like beak of the 
existing Cephalopods. The ink-bag or leathery sac in which 
the Cuttle-fishes store up the black pigment with which they 
obscure the water when attacked, owes its preservation to the 
iact that the colouring-matter which it contains is finely-divid- 
ed carbon, and therefore nearly indestructible except by heat. 
Many of these ink-bags have been found in the Lias ; and the 
colouring- matter is sometimes so well preserved that it has 
been, as an experiment, employed in painting as a fossil 
" sepia." The " pens " of the Cuttle-fishes are not commonly 
preserved, owing to their horny consistence, but they are not 
unknown. The form here figured {Bdotevthis subcostata, fig. 
172) belonged to an old type essentially similar to our modem 
Calamaries, the skeleton of which consists of a homy shaft 
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and two lateral win^, somewhat like a feather in general 
shape. When, on the other hand, the internal skeleton is 
calcareous, then it is very easily preserved 
in a fossil condition ; and the abundance 
of remains of this nature in the Secondary 
rocks, combined with their apparent total 
absence in Paleozoic strata, is a strong pre- 
sumption in favour of the view that the order 
of the Cuttle-fishes did not come into exis- 
tence till the commencement of the Meso- 
zoic period. The great majority of llie skele- 
tons of this kind which are found in the Jur- 
assic rocks belong to the great extinct family 
of the " Belemnites " {Belemnitida), which, so 
far as known, is entirely confined to rocks 
of Secondary age. From its pointed, gener- 
ally cylindro- conical form, the skeleton of 
the Belemnite is popularly known as a "thun- 
Y}s.iT3.—Behi'«- derbolt"(fig, 173, C). In its perfect condition 
assf/<LiM)" ' — in whidi it is, however, rarely obtainable— 

the skeleton consists of a chambered conical 
shell (the "phragmacone "), the partitions between the chambers 
of which are pierced by a marginal tube or " siphuncle." This 
conical shell — curiously similar in its structure to the external 
shell of the Nautilus — is extended forwards into a homy 
"pen," and is sunk in a corresponding conical pit (fig. 173, B), 
excavated in the substance of a nearly cylindrical fibrous 
body or "guard," which projects backwards for a longer or 
shorter distance, and is the part most usually found in a fossil 
condition. Many different kinds of Belemnites are known, and 
their guards literally swarm in many parts of the Jurassic series, 
whilst some specimens attain very considerable dimensions. 
Not only is the internal skeleton known, but specimens of 
Belannites and the nearly allied Belemnoieutkis have been found 
in some of the fine-grained sediments of the Jurassic formation, 
from which much has been learnt even as to the anatomy of 
the soft parts of the animal. Thus we know that the Belem- 
nites were in many respects comparable with the existing 
Calamaries or Squids, the body being furnished with lateral 
fins, and the head carrying a circle of ten " arms," two of 
which were longer than the others (fig. 173, A). The suckers 
on the arms were provided, further, with horny hooks ; there 
was a large ink-sac ; and the mouth was armed with horny 
mandibles resembUng in shape the beak of a parrot. 

Coming next to the Veriebraies, we find that the Jurassic 
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iei are stil! represented by Ganoids and Placoids. The 
loids, however, unlike the old forms, now for the most 




^^ , isess nearly or quite symmetrical (" homocercal ") tails, 
■tiiaracteristic genus is Tctragomlepis (fig. 174), with its 




deep, compressed body, its rhomboidal, closely-fitting scales, 
and its single long dorsal fin. Amongst the Placoids the teeth 
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of true Sharks (No/idanus) occur for the first time ; but by far 
the greater number of remains referable to this group are still 
the fin-spines and teeth of " Cestracionts," resembling the 
living Port-Jackson Shark. Some of these teeth are pointed 
{Hybodus) ; but others are rounded, and are adapted for crush- 
ing shell-fish. Of these latter, the commonest are the teeth of 
Acrodus (fig. 17 s), of which the hinder ones are of an elon- 
gated form, with a rounded 
surface, covered with fine 
transverse strife proceed- 
ing from a central longi- 
iLuliiiLil line. From their 
general form and striation. 
and their dark colour, these 
teeth are commonly called 
" fossil leeches " by the quarrymen. 

The Amphibian group of the LabyriiifAodonts, which was so 
extensively developed in the Trias, appears to have become 
extinct, no representative of the order having hitherto been 
detected in rocks of Jurassic age. 

Much more important than the Fishes of the Jurassic series 
are the Reptiles, which are both very numerousj and belong to 
a great variety of types, some of these being very extraordinary 
in their anatomical structure. The predominant group is that 
of the " Enaliosaurs " or " Sea-lizards," divided into two great 
orders, represented respectively by the Ichthyosaurus and the 
Plesiosaurus, 

The /Mc/yuwwr/ or "Fish-Lizards" are exclusively Meso- 
zoic in their distribution, ranging from the Lias to the Chalk, 
but abounding especially in the former. They were huge 
Reptiles, of a fish-like form, with a hardly conspicuous neck 
(fig. J 76), and probably possessing a simply smooth or 
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wrinkled skb, since no traces of scales or bony integumentary 
plates have ever been discovered. The tail was long, and 
was probably furnished at its extremity with a powerful ex- 
pansion of the skin, constituting a tail-fin similar to that pos- 
sessed by ibe Whales. The limbs are also like those of Whaks 
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' in the essentials of iheir structure, and in their being adapted 
to act as swimming-paddles. Unlike the Whales, however, 
the Ichlhyosaurs possessed the hind-limbs as well as the fore- 
limbs, both pairs having the bones flattened out aod the fin- 
gers completely enclosed in the skin, the arm and leg being at 
the same time greatly shortened. The limbs are thus con- 

I verted into eflicient "flippers," adapting the animal for an 
active existence in the sea. The different joints of the back- 
bone (vertebrK) also show the same adaptation to an aquatic 
mode of life, being hollowed out at both ends, like the bicon- 
cave vertebrE of Fishes. The spinal column in this way was 
endowed with the flexibility necessary for an animal intended 
to pass the greater part of its time in water. Though the Ich- 
ihyoiaurs are undoubtedly marine animals, there is, however, 
reason to believe that they occasionally came on shore, as they 
possess a strong bony arch, supporting the fore-limbs, such as 
would permit of partial, if laborious, terrestrial progression. 
The head is of enormous size, with greatly prolonged jaws, 
holding numerous powerful conical teeth lodged in a common 
groove. The nature of the dental apparatus is such as to 
leave no doubt as to the rapacious and predatory habits of the 
Ichthyosaurs — an inference which is further borne out by the 
eitamination of their petrified droppings, which are known to 
geologists as "coprolites," and which contain numerous frag- 
ments of the bones and scales of the Ganoid fishes which 
inhabited the same seas. The orbits are of huge size ; and as 
the eyeball was protected, like that of birds, by a ring of bony 
plates in its outer coat, we even know that the pupils of the 
eyes were of correspondingly large dimensions. As these bony 
plates have the function of protecting the eye from injury 
under sudden changes of pressure in the surrounding medium, 
it has been inferred, with great probability, that the Ichthy- 
osaurs were in the habit of diving to considerable depths in 
the sea. Some of the larger specimens of Ic/tihygsaunis which 
have been discovered in the Lias indicate an animal of from 
JO to nearly 40 feet in length ; and many species are known to 
liave existed, whilst fragmentary remains of their skeletons are 
very abundant in some localities. We may therefore safely 
conclude that these colossal Reptiles were amongst the most 
formidable of the many tyrants of the Jurassic seas. 

The Pksiosaurns (fig. 177) is another famous Oolitic 
Reptile, and, hke the preceding, must have lived mainly or 
exclusively in the sea. It agrees with the Ichthyosaur in some 
important features of its organisation, especially in the fact 
that both pairs of limbs are converted into "flippers" or 
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swimming-paddles, whilst the skin seems to have been equally 
destitute of any scaly or bony investiture. Unlike the Ickihy- 




L 



osaur, however, the Plesiosaiir Jiad tlie paddles placed far back, 
the tail being extremely short, and the neck greatly lengthened 
out, and composed of from twenty to forty vertebrae. The 
bodies of ilie vertebras, also, are not deeply biconcave, l)ut are 
flat, or only sliglitly cupped. The head is of relatively small 
size, with smaller orbits than those of the Ichthyosavr, and with 
a snout less elongated. The jaws, however, were armed with 
numerous conical teeth, inserted in distinct sockets. As re- 
gards the habits of the Piesiosaur, Dr Conybeare arrives at the 
following conclusions : " That it was aquatic is evident from 
the form of its paddles ; that it was marine is almost equally 
so from the remains with which it is universally associated i 
that it may have occasionally visited the shore, the resem- 
blance of its extremities to those of the Turtles may lead us to 
conjecture : its movements, however, must have been very 
awkward on land ; and its long neck must have impeded its 
progress through the water, presenting a strong contrast to the 
organisation which so admirably fits tlie Ichthyosaurus to cut 
through the waves." As its respiratory organs were such that 
it must of necessity have required to obtain air frequently, we 
may conclude "that it swam upon or near the surface, arching 
back its long neck like a swan, and occasionally darting it 
down at the fish which happened to float within its reach. It 
may perhaps have lurked in shoal water along the coast, con- 
cealed amongst the sea -weed; and raising its nostrils to 
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^^ s'ith the surface from a considerable depth, may have 
bund a secure retreat from the assaults of powerful enemies ; 
*hile the length and flexibility of its neck may have compen- 
Ealed for the want of strength in its jaws, and its incapacity 
for swift motion through the water." 

About twenty species of PUsiosavrus are known, ranging 
from the Lias to the Chalk, and specimens have been found 
indicating a length of from eighteen to twenty feet. The 
nearly related " Pliesaurs" however, with their huge heads 
and short necks, must have occasionally reached a length of at 
least forty feet — the skull in some species being eight, and the 
paddles six or seven feet long, whilst the teeth are a foot in 
length. 

Another extraordinary group of Jurassic Reptiles is that of 
the "Winged Lizards" o\ Pterosaur ia. These are often spoken 
of collectively as " Pterodactyl es," from Pteredactylus, the 
type-genus of the group. As now restricted, however, the 
geaus Pierodactylus is more Cretaceous than Jurassic, and it is 
associated in the Oolitic rocks with the closely allied genera, 
mmorphodon and Rhamphorhynchus. In ail three of these 
ijicnera we have the same general structural organisation, in- 
tolviog a marvellous combination of characters, which we are in 
file habit of regarding as peculiar to Birds on the one hand, to 
'Reptiles on another hand, and to the Flying Mammals or 
Bats in a third direction. The "Pterosaurs" are "Flying" 
Reptiles, in the tnie sense of the term, since they were indu- 
bitably possessed of the power of active locomotion in the air, 
after the manner of Birds. The so-called " Flying " Reptiles 
of the present day, such as the little Draco i<olans of the F.ast 
Indies and Indian Archipelago, possess, on the other hand, no 
I power of genuine flight, being merely able to sustain themselves 
I IB the air through the extensive leaps which they take from tree 
lo tree, the wing-like ex[)ansions of the skin simply exercising 
iieinechanical function of a parachute. The apparatus of flight 
bthe "Pterosaurs" is of the most remarkable character, and 
most resembles the "wing" of a Bat, though very different in 
_ _mportant particulars. The "wing" of the Pterosaura is 
lite that of Bats, namely, in consisting of a thin leathery expan- 
ira of the skin which is attached to the sides of the body, and 
Iretches between the fore and hind limbs, being mainly sup- 
arted by an enormous elongation of certain of the digits of 
le hand. In the Bats, it is the four outer fingers which are 
lUs lengthened out ; but in the Pterosaurs, the wing-membrane 
borne by a single immensely -extended finger (fig. 178). 
1 .trace of the actual wing-membrane itself has, of course, 
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been found fossilised ; but we could determine that the " Piero- 
liactyles " possessed the power of flight, quite apart from the ex- 




traordinary conformation of the hand. The proofs of this are to 
be found partly in the fact that tlie breast-bone was furnished 
with an elevated ridge or keel, serving for the attachment of 
the great muscles of flight, and still more in the fact that the 
bones were hollow and were filled with air — a peculiatily 
wholly confined amongst living animals to Birds only. The 
skull of the Pterosaurs is long, light, and singularly bird-lite in 
appearance — a resemblance which is further increased by the 
comparative length of the neck and the size of the vertebrserf 
this region (fig. 178). The jaws, however, unlike those of any 
existing Bird, were, with one exception to be noticed hereafieii 
furnished with conical teeth sunk in distinct sockets; sni 
there was always a longer or shorter tail composed of distinct 
vertebrje; whereas in all existing Birds the tail is abbreviated, 
and the terminal vertebree are amalgamated to form a single 
bone, which generally supports the great feathers of the tail. 

Modem naturalists have been pretty generally agreed that 
the Pterosaurs should be regarded as a peculiar group of the 
Reptiles ; though they have been and are still regarded by 
high authorities, like Professor Seeley, as being really referable ^ 
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yttic Birds, or as forming a class by themselves. The chief 
points which separate them from Birds, as a class, are the 
character of the apparatus of flight, the entirely different struc- 
ture of the fore-limb, the absence of feathers, the composition 
oE the tail out of distinct vertebra-, and the general presence 
of conical teeth sunk in distinct sockets in the jaws. The gap 
between the Pterosaurs and the Birds has, however, been 
greatly lessened of late by the discovery of fossil animals 
(Ichlhyornis and Hesperomis) with the skeleton proper to Birds 
combined with the presence of teeth in the jaws, and by the 
still more recent discovery of other fossil animals (Pleranodan) 
with a Pterosaur! an skeleton, but without teeth j whilst the un- 
doubtedly feathered Arthaopieryx possessed a long tail com- 
posed of separate vertebrfe. Upon the whole, tlierefore, the 
relationships of the Pterosaurs cannot be regarded as absolutely 
_wttled. It seems certain, however, that they did not possess 
athers — this implying that tiiey were cold-blooded animals; 
id their affinities with Reptiles in this, as in other characters, 
te too strong to be overlooked, 
i The Pterosaurs are wholly Mesozoic, ranging from the Lias 
Rth'e Chalk inclusive ; and the fine-grained Lithographic Slate 
■Solenhofen has proved to be singularly rich in their remains. 
K genus Pierodactylns itself has the jaws toothed to tlie ex- 
mities with equal-sized conical teeth, and its species range 
1 the Middle Oolites to the Cretaceous series, in connec- 
vith which they will be again noticed, together with the 
_ diless genus Pteramdon. The genus Dimorpkodon is Li- 
assic, and is characterised by having the front teeth long and 
pointed, whilst the hinder teeth are small and lancet-shaped. 
Lastly, the singular genus Mhamphorhynchus, also from the 
J^wer Oolites, is distinguisiied by the fact that there are teeth 
a the hinder portions of both jaws ; but the front por- 
s are toothless, and may have constituted a homy beak. 
c most of the other Jurassic Pterosaurs, Rhamphorhyndms 
179) does not seem to have been inuch bigger than a 
on, in this respect falling far below the giant " Dragons" 
E'the Cretaceous period, it differed from its relatives, not 
By in the armature of the mouth, but also in the fact that 
p tail was of considerable length. With regard to its habits 
'|d mode of life, Professor Phillips remarks that, "gifted with 
s of flight, able at least to perch on rocks and 
ifle along the shore, perhaps competent to dive, though not 
^well as a Palmiped bird, many fishes must have yielded to 
Kernel beak and sharp teeth of Rhaniphorhynchus. If we 
\ to which of the ma:iy families of Birds the analogy of 
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Structure and probable way of life would lead us to assimilate 
Rhamphorhj nchus the aaswer must Doint to the swimming 




races with long wings, clawed feet, booked beak, and habits of 
violence and voracity ; and for preference, the shortness of ihe 
legs, and other circumstances, may be held to claim for ifit 
Stonesfield fossil a more than fanciful similitude to the groups 
of Cormorants, and other marine divers, which constitute aD 
effective part of the picturesque army of robbers of the sea." 

Another extraordinary and interesting group of the Mesozoic 
Reptiles is constituted by the Detnosauria, comprising a sens 
of mostly gigantic forms, which range from the Trias to the 
Chalk. All the " Deinosaurs" are possessed of the two paifs 
of limbs proper to Vertebrate animals, aiid these organs are in 
the main adapted for walking on the dry land. Thus, whila 
the Mesozoic seas swarmed with the huge Ichthyosaurs aio 
Plesiosaurs, and whilst the air was tenanted by tjie Dragon-lit^ 
Pterosaurs, the land - surfaces of the Secondary period were 
peopled by numerous forms of Deinosaurs, some of them of 
even more gigantic dimensions than their marine brethren. 
The limbs of the Deinosaurs are, as just said, adapted for prO' 
gression on the land ; but in some cases, at any rate, tlic 
hind-limbs were much longer and stronger than the fore-Umbs; 
and there seems to be no reason to doubt that many of these 
forms possessed the power of walking, temporarily or pennan- 
ently, on their hind-legs, thus presenting a singular resemblance 
to Birds. Some very curious and striking points connected 
with the structure of the skeleton have also been shown to 
connect these strange Reptiles with the true Birds ; and such 
high authorities as Professors Huxley and Cope are of opiniwi 
that the Deinosaurs are distinctly related to this class, being in 
some respects intermediate between the proper ReptUes anc 
the great wingless Birds, like the Ostrich and Cassowary, Oi 
the other hand, Professor Owen has shown that the Deinosaur 
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some weighty points of relationship with the so-called 
" Pachydermatous " Quadrupeds, such as the Rhinoceros and 
Hippopotamus. Tlie most important Jurassic genera of 
Deirwsauria are Megalosaunis and Cetiosaurus, both of which 
.extend their range into the Cretaceous period, in which 
flonrished, as we shall see, some other well-known memhers 
this order. 

Mrgalosaurus attained gigantic dimensions, its thigh and 
4ank bones measuring each about three feet in length, and its 
total length, including the tail, being estimated at from forty 
to fifty feet. As the head of the thigh-bone is set on nearly 
It right angles with the shaft, whilst all the long bones of the 
;eleton are hollowed out internally for the reception of the 
narrow, there can be no doubt as to the terrestrial habits of 
lie animal. The skull (fig. 180) was of large size, four or five 




Et in length, and the jaws were armed with a series of power- 
J pointed teeth. The teeth are conical in shape, but are 
FODgly compressed towards their summits, their lateral edges 
ing finely serrated. In their form and tlieir saw-like edges, 
!y resemble the teeth of the " Sabre-toothed Tiger" {Machai- 
His), and they render it certain that the Megalosaur was in 
i highest degree destructive and carnivorous in its habits. 
LS is known, the skin was not furnished with any armour 
scales or bony plates ; and the fore-limbs are so dispro- 
Irtionately small as compared with the hind-limbs, that this 
jje Reptile — like the equally huge Iguanodoii— may be 
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conjectured to have commonly supported itself on its hind- 
kgs only. 

The Cetiosaur attained dimensions even greater than those 
of the Megalosaiir, one of the largest thigh-bones measuring 
over five feet in length and a foot in diameter in the middle, 
and the total length of the animal being probably not less than 
tifty feet. It was originally regarded as a gigantic Crocodile, 
but it has been shown to be a true Deinosaur. Having ob- 
tained a magnificent series of remains of this reptile, Professor 
Phillips has been able to determine many very interesting 
points as to the "anatomy and habits of this colossal animal, 
the total length of which he estimates as being probably not 
less than sixty or seventy feet. As to its mode of life, tiiis 
accomplished writer remarks : — 

" Probably when ' standing at ease ' not less than ten feel 
in height, and of a bulk in proportion, tliis creature was un- 
matched in magnitude and physical strength by any of ihe 
largest inhabitants of the Mesozoic land or sea. Did it live 
in the sea, in fresh waters, or on the land ? This question 
cannot be answered, as in the case of Ichthyosaurus, by appeal 
to the accompanying organic remains ; for some of the bones 
lie in marine deposits, others in situations marked by estuaiine 
conditions; and, out of tlie Oxfordshire district, in Sussex, in 
fluviatile accumulations. Was it fitted to live exclusively in 
water? Such an idea was at one time entertained, in conse- 
quence of the biconcave character of tlie caudal vertebne, and 
it is often suggested by the mere magnitude of the creature, 
which would seem to have an easier life while floating in water, 
than when painfully lifting its huge bulk, and moving with 
slow steps along the ground. But neither of these arguments 
is valid. The ancient earth was trodden by larger quadrupeds 
than our elephant ; and the biconcave character of vertebra, 
\vliich is not uniform along the colunm in Cetiosaurus, is per- 
haps as much a character of a geological period as of a me- 
chanical function of life. Good evidence of continual life ii 
water is yielded in the case of Ichthyosaurus and other &i!t 
liosaurs, by the articulating surfaces of tJieir limb-bones, for 
these, ail of them, to the last phalanx, have that slight and 
indefinite adjustment of the bones, with much inter\'enin| 
cartilage, wliich fits the leg to be botJi a flexible and forcible 
instrument of natation, much superior to the ordinary oar- 
blade of the boatman. On the contrary, in Cetiosaur, as well 
as in MegaJosaur and Iguanodon, all the articulations are 
definite, and made so as to correspond to determinate move- 
ments in particular directions, and these are such as to be 
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suited for walking. In particular, t 
jecting freely from the acetabulum, [ 
of free stepping more parallel to the line of the body, and 
more approaching to the vertical than the sprawling gait of 
the crocodile. The large claws concur in this indication of 
terrestrial habits. But, on the other hand, these characters 
are not contrary to the belief that the animal may have been 
amphibious ; and the great vertical height of the anterior part 
of the tail seems to support this explanation, but it does not 
go further. . . . We have therefore a marsh-loving or 
river-side animal, dwelling amidst lilicine, cycidiceous, and 
coniferous shrubs and trees full of insects and small mamma 
lia. What was its usual diet ? If ex ungue konem, surely ex 
dente cibum. We have indeed but one tootli, and that small 
and incomplete. It resembles more the tooth of Iguanodon 
than that of any other reptile ; for this reason it seems pro 
bable that the animal was nourished by similar vegetable food 
which abounded in the vicinity, and was not obliged to con- 
tend with Megalosauriis for a scanty supply of more stimu- 
lating diet." 

All the groups of Jurassic Reptiles which we have hitherto 
been considering are wholly unrepresented at the present day, 
and do not even pass upwards into the Tertiary period. It 
may be mentioned, however, that the Oohtic deposits have 
also yielded the remains of Reptiles belonging to three of the 
existing orders of the class — namely, the Lizards {Lacertilia), 
the Turtles {Ckelonia), and the Crocodiles {Crocodilia). The 
Lizards occur both in the marine strata of the Middle Oolites 
and also in the fresh-water beds of the Purbeck series ; and 
ibey are of such a nature that their affinities with the typical 
Lacertilians of the present day cannot be disputed The 
Chelonians, up to this point only known by the doubtful evi- 
dence of footprints in the Permian and Triassic sandstones, are 
here represented by unquestionable remains, indicating the ex- 
istence of marine Turtles (the CMone planiceps of the Portland 
Stone). No remains of Serpents ( Ophidians) have as yet been 
detected in the Jurassic ; but strata of this age have yielded 
the remains of numerous Crocodilians, which probably inhab- 
ited the sea. The most important member of this group is 
Teieosaurus, which attained a length of over thirty feet, and 
is in some respects allied to the living Gavials of India, 

The great class of the Birds, as we have seen, is represented 
in rocks earlier than the Oolites simply by the not absolutely 
certain evidence of the three-toed footprints of the Connecti- 
cut Trias. In the Lithographic Slate of Solenhofen (Middle 
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Oolite), there has been discovered, however, the at present 
unique skeleton of a Bird well known under the name of the 
Arcliaopteryx macrura (figs. i8i, 182). The only known 




specimen — now in the British Mnseum— unfortunately does 
not exhibit the skull ; but the fine-grained matrix has pre- 




served a number of the other bones of the skeleton, e 

the impressions of the tall and wing feathers. From these j 

remains we know that Archaopteryx differed in some remark- I 
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Eble peculiarities of its structure from all existing members of 
he class of Birds. This extraordinary Bird {tig. 182) appears 
to have been about as big as a Rook — the tail being long and 
extremely slender, and composed of separate vertebra, each 
of which supports a single pair of quill-fealhers. In the flying 
Birds of the present day, as before mentioned, the terminal 
vertebrre of the tail are amalgamated to form a single bone 
(" ploughshare-bone "), which supports a cluster of tailfeatiiers ; 
id the tail itself is short. In the embryos of existing Birds 
i tail is long, and is made up of separate vertebrse, and the 
He character is observed in many existing Reptiles. The 
I of Arthaoptiryx, therefore, is to be regarded as the per- 
inent retention of an embryonic type of structure, or as an 
Iproxinjation to the characters of the Reptiles. Another 
markable point in connection with Arclimopteryx, in which 
differs from all known Birds, is, that the wing was furnished 
ith two free claws. From the presence of feathers, Archs- 
icryx may be inferred to have been hot-blooded ; and this 
>aracter, taken along with the structure of the skeleton of the 
'ing, may be held as sufficient to justify its being considered 
» belonging to the class of Birds. In the structure of the 
i2, however, it is singularly Reptilian ; and there is reason to 
elieve that its jaws were furnished with teeth sunk in distinct 
bckets, as is the case in no existing Bird. This conclusion, 
t any rate, is rendered highly probable by the recent discovery 
f" Toothed Birds" {Oiiiititoriii/Aei) in the Cretaceous rocks 
tf North America. 
The Mamma/s of the Jurassic period are known to us by 
■ number of small forms which occur in the " Stonesfield 
tae" (Great Oolite) and in the Purbeck beds {Upper 
iolite). The remains of these are almost exclusively sepa- 
sied halves of the lower jaw, and they indicate the existence 
iuing the Oolitic period in Europe of a number of small 
'Pouched animals" (Marsupials). In the horizon of the 
IPDcsfield Slate four genera of these little Quadrupeds have 
(81 described — -viz., Amphilesies, Amphtt/ierium, Phasalo- 
ffiaw, and Stereogiialhus. In Amphitlterium (fig. 183), the 
olar teeth are furnished with small pointed eminences or 
'cnsps;" and the animal was doubtless insectivorous. By 
Professor Owen, the highest living authority on the subject, 
imphitherium is believed to be a small Marsupial, most 
Buly allied to the living Banded Ant-eater {Myrmecobius) of 
isCralia (fig. 158). Amphilesies and Phascolotlieriuni (fig. 
f)are also believed by the same distinguished anatomist 
1^ palaeontologist to have been insect-eating Marsupials, and 
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the latter is supposed to find its nearest living ally in the 
Opossums {Didf/p/tys) of America. Lastly, the Stereogriat/ws 




of the Stonesfield Slate is in a dubious position. It may have 
been a Marsupial ; but, upon the whole, Professor Owen is 
inclined to believe that it mnst have been a hoofed. and her- 
bivorous Quadruped belonging to the series of the higher Mam- 
mals {Flaeentalia). In the Middle Purbeck beds, near to the 
close of the Oolitic period, we have also evidence of the exiat- 
enee of a number of small Mammals, all of which are probably 
Marsupials. Fourteen species are kncwn, all of small size, 
the largest being no bigger than a Polecat or Hedgehog. The 
genera to which these little quadrupeds have been referred are 
Flagiaulax, Spalacotherium, Tritonoden, and Galestes. The 
first of these (fig. 184, 4) is believed by Professor Owen to 




have been carnivorous in its habits; but other authorities 
maintain that it was most nearly allied to the living Kangaroo- 
rats {Hypsiprymnus) of Australia, and that it was essentially 
herbivorous. The remaining three genera appear to have 
been certainly insectivorous, and find their nearest living rep- 
resentatives in the Australian Phaiangers and the American 
Opossums. 

Finally, it is interesting to notice in how many respects the 
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irassic fauna of Western Europe approached to that now 
habiting Australia. At the present day, Australia is almost 
[lolly tenanted by Marsupials ; upon its land-surface flourish 
\raucarite and Cycadaceous plants, and in its seas swims the 
tot-Jackson Shark {Cestracion Philippi); whilst the Mollus- 
pin genus Trigoiiia is nowadays exclusively confined to the 
LUstralian coasts. In England, at the time of the deposition 
the Jurassic rocks, we must have had a fauna and flora very 
iosely resembling what we now see in Australia. The small 
iarsupials, Amp/iithcrium, Phascoloiherium, and others, prove 
iat the Mammals were tlie same in order ; cones of Arau- 
Bim pines, with tree-ferns and fronds of Cycads, occur 
Itoughout the Oolitic series; spine-bearing fishes, like the 
wt-Jackson Shark, are abundantly represented by genera 
Ji as Acrodus and Srophodus ; and lastly, the genus Tri- 
lia, now exclusively Australian, is represented in the Oolites 
species which differ little from those now existing. More- 
S, the discovery during recent years of the singular Mud-fish, 
; Ceraiodus Fosteri, in the rivers of Queensland, has added 
Dlher and a very striking point of resemblance to those 
beady' mentioned; since this genus of Fishes, though pre- 
Binently Triassic, nevertheless extended its range into the 
inassia Upon the whole, therefore, there is reason to con- 
lade that Australia has undergone since the close of the 
ttrassic period fewer changes and vicissitudes than any other 
aown region of the globe ; and thai this wonderful continent 
therefore succeeded in preserving a greater number of 
characteristic life-features of the Oolites than any other 
miintiy with which we are acquainted. • 
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The next series of rocks in ascending order is tlie great MO 
important series of tlie Cretaceous Rocks, so called from iht 
general occurrence in the system of chalk {Lat. creta, chalk^- 
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i developed in Britain and Europe generally, the following; 
tleading subdivisions may be recognised in the Cretaceous 



' -r rT J ?,■ _■ I Lower Crelnceous. 

2. Lower dree n sand u I i^-"''""-'— > i 

3. GhuII, 

4. Upper Greensand, 

5. Chalk, 

6. Macstriclit beds, 

I. lyea /lien.— The Wealden formation, though of consider- 
fable importance, is a local group, and is confined to the south- 
east of England, France, and some other parts of Europe. Its 
name is derived from the Weaid, a district comprising parts of 
Surrey, Susses, and Kent, where it is largely developed. Its 
lower portion, for a thickness of from 500 to 1000 feet, is 
, arenaceous, and is known as the Hastings Sands. Its Upper 
■portion, for a thickness of 150 to nearly 300 feet, is chiefly 
ai^iliaceous, consisting of clays with sandy layers, and occa- 
tonally courses of limestone. The geological importance of 
ithe Wealden formation is very great, as it is undoubtedly the 

Kelta of an ancient river, being composed almost wholly of 
esh-water beds, with a few brackish- water and even marine 
Strata, intercalated in the lower portion. Its geographical 
extent, though uncertain, owing to the enormous denudation 
which it has been subjected, is nevertheless great, since it 
xtends from Dorsetshire to France, and occurs also in North 
Sermany. Still, even if it were continuous between all these 
i, it would not be larger than the delta of such a modern 
is the Ganges. The river which produced the Wealden 
(eries must have flowed from an ancient continent occupying 
jrhat is now the Atlantic Ocean ; and the time occupied in 
: formation of the Wealden must have been very great, 
iiough we have, of course, no data by which we can accurately 
Salcidate its duration. 

The fossils of the Wealden series are, naturally, mostly the 
Remains of such animals as we know at the present day as in- 
labiting rivers. We have, namely, fresh-water Mussels ( Unio), 
nails {Paludina), and other fresh -water shells, with 
numerous little bivalved Crustaceans, and some fishes. 
^^, Lmoer Greensand {Neocomun of D'Orbigny). — The 

ffealden beds pass upward, often by insensible gradations, 
into the Lower Greensand. The name Lower Greensand is 
iiot an appropriate one, for green sands only occur sparingly 
■ad occasionally, and are found in other formations. For this 
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reason it lias been proposed to substitute for Lower Greensand 
the name Niocomian, derived from the town of NeufcMtel— 
anciently called Neocomum — in Switzerland. If this name 
were adopted, as il ought to be, the Wealden beds would le 
called the Lower Neocomian. 

The Lower Greensand or Neocomian of Britain has a thick- 
ness of about 850 feel, and consists of alternations of sands, 
sandstones, and clays, with occasional calcareous bands. The 
general colour of the series is dark brown, sometimes red ; and 
the sands are occasionally green, from the presence of silicate 
of iron. 

The fossils of the Lower Greensand are purely marine, and 
among the most characteristic are the shells of Cephalopeds. 

The most remarkable point, however, about the fossils of 
the Lower Cretaceous series, is their marked divei^ence from 
the fossils of the Upper Cretaceous rocks. Of 2S0 species of 
fossils in the Lower Cretaceous series, only 51, or about iS 
per cent, pass on into the Upper Cretaceous. This breatin 
the life of the two periods is accompanied by a decided phy- 
sical break as well ; for the Gault is often, if not alwa)^, un- 
conformably superimposed on the Lower Greensand. At the 
same time, the Lower and Upper Cretaceous groups form a 
closely-connected and inseparable series, as shown by a com- 
parison of their fossils with those of the underlying Jurassic 
rocts and the overlying Tertiary beds. Thus, in Britain no 
marine fossil is known to be common to the marine beds of 
the Upper Oolites and the Lower Greensand ; and of more 
than 500 species of fossils in the Upper Cretaceous rocks, 
almost every one died out before the formation of the lowest 
Tertiary strata, the only survivors being one Brachiopod and a 
few Foraminifera. 

III. GaK^/ (v4/C;V« of D'Orbigny).— The lowest member of 
the Upper Cretaceous series is a stiff, dark - grey, blue, or 
brown clay, often worked for brick-making, and known as the 
GauU, from a provincial English term. It occurs chiefly in 
the south-east of England, but can be traced through France 
to the flanks of the Alps and Bavaria. It never exceeds loO 
feet in thickness ; but it contains many fossils, usually in 8 
state of beautiful preservation. 

IV. Upper GremsoMd {Albim of D'Orbigny; Unlei^uadff 
and Lower Planerkalk of Germany), — The GauU is succeeded 
upward by the Upper Greensand, which varies in thickness 
from 3 up to 100 feet, and which derives its name from the 
occasional occurrence in it of green sands. These, however, 

local and sometimes wanting, and the name "Uhk! 
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Creensand '' is to be regarded as a name and not a description. 
The group consists, in Britain, of sands aiid clays, sometimes 
witli bands of calcareous grit or siliceous limestone, and occa- 
sionally containing concretions of phosphate of lime, which ai'e 
largely worked for agricultural purposes. 

V. White Chalk.~^\\z top of ihe Upper Greensand be- 
comes argillaceous, and passes up gradually into the base of 
the great formation known as the true Chalk, divided into 
I the three subdivisions of the chalk-marl, white chalk without 
uiiffints, and white chalk with taints. The first of these is sim- 
tiy argillaceous chalk, and passes up into a great mass of 
obscurely- stratified white chalk in which there are no flints 
turenim of D'Orbigny; Mittdquader of Germany), This, in 
liD, passes up into a great mass of white chalk, in which the 
ratification is marked by nodules of black flint arranged in 
yers(i;?«(j«/cflof D'Orbigny; OAr^wnrffr of Germany), The 
lickness of these three subdivisions taken together is some- 
mes over 1000 feet, and their geographical extent is very 
reat, White Chalk, with its characteristic appearance, may 
e traced from tlie north of Ireland to the Crimea, a distance 
falxjut 1 1 40 geographical miles ; and, in an opposite direction, 
om the south of Sweden to Bordeaux, a distance of about 
4° geographical miles. 

Vl, In Britain there occur no beds containing Chalk fossils, 
r in any way referable to the Cretaceous period, above the 
He White Chalk with flints. On the banks of the Maes, 
Jwever, near Maestricht in Holland, there occurs a series of 
tllowish limestones, of about 100 feet in thickness, and un- 
Oubtedly superior to the White Chalk. These Maestrkht 
»& {DanieH of D'Orbigny) contain a remarkable series of 
iasils, the characters of which are partly Cretaceous and 
^"Ttly Tertiary. Thus, with the characteristic Chalk fossils, 
W(m»»^«, .5rti:«//to, Sea-Urchins, &c., are numerous Univalve 
toliuBcs, such as Cowries and Volutes, which are otherwise 
Klusively Tertiary or Recent 
'Holding a similar position to the Maestricht beds, and 
lowing a similar intermixture of Cretaceous forms with later 
fes, are certain beds which occur in the island of Seeland, 
[Denmark, and which are known as the Faxoe Limestone. 
Of a somewhat later date than the Maestricht beds is the 
'sbSHc Limestone of France, which rests unconformably on 
I White Chalk, and contains a large number of Tertiary 
!uls along with some characteristic Cretaceous types. 
The subjoined sketch- section exhibits the general succession 
the Cretaceous deposits in Britain : — 
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Generalised Section of the Cretackoi's Seri^ 
OF Britain. 




While Chalk with Flinld 



While Chalk withoul Flints. 



Chalk Marl. 
Upper GreensaiiJ. 
Gaull, 



Lower Greensand t 



>. VV eat Jeu Series. 

— Hitstings Sanda. 



In North America, strata of Lower Cretaceous age are well 
represented in Missouri, Wyoming, Utah, and in some other 
areas; but the greater portion of the American deposits of 
this period are referable lo the Upper Cretaceous. The rocks 
of this series are mostly sands, clays, and limestones — Ch^ 
itself being unknown except in Western Arkansas. Amongst 
the sandy accumulations, one of the most important is the so- 
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tcalled "marl" of New Jersey, which is truly a " Green sand," 
■and contains a large proportion of glauconite (silicate of iron 
■and potash). It also contains a little phosphate of lime, and is 

■ largely worked for agricultural purposes. The greatest thick- 
I'liess attained by the Cretaceous rocks of North America is 
I about 9000 feet, as in Wyoming, Utah, and Colorado. Ac- 
I cording to Dana, the Cretaceous rocks of the Rocky Mountain 
Iterritories pass upwards "without interruption into a coal- 

■ bearing fonnaiion, several thousand feet thick, on which the 
libllowing Tertiary strata He un conform ably." The lower por* 
l^on of this " Lignitic formation " appears to be Cretaceous, 
Sand contains one or more beds of Coal ; but the upper part of it 
■.perhaps belongs to the Lower Tertiary. In America, therefore, 
■'the lowest Tertiary strata appear to rest conformably upon (he 

■ highest Cretaceous ; whereas in Europe, the succession at this 

■ "point is invariably an unconformable one. Owing, however, to 

■ the fact that the American " Lignitic formation " is a shallow- 
I Water formation, it can hardly be expected to yield much 
W material whereby to bridge over the great palse onto logical gap 

between the White Chalk and Eocene in the Old World. 

Owing to the fact that so large a portion of the Cretaceous 
formation has been deposited in the sea, much of it in deep 
water, the plants of the period have for the most part been 
■ found special members of the series, such as the Wealden beds, 
the Aix-la-Chapelle sands, and the Lignitic beds of North 
America. Even the purely marine strata, hoH'ever, have 
yielded plant-remains, and some of these are peculiar and 
■proper to the deep-sea deposits of the series. Tlius the little 
calcareous discs termed "coccohths," which are known to be 
of the nature of calcareous sea-weeds (Alga) have been de- 
tected in the White Chalk ; and the flints of the same forma- 
tion commonly contain the spore-cases of the microscopic 
Desmids (the so-called Xanthidia), along with the siliceous cases 
'Of the equally diminutive Diatoms. 

The plant-remains of the Lower Cretaceous greatly resemble 
those of the Jurassic period, consisting mainly of Ferns, Cy- 
cads, and Conifers. The Upper Cretaceous rocks, however, 
both in Europe and in North America, have yielded an abun- 
dant flora which resembles the existing vegetation of the globe 
jn consisting mainly of Angiospermous Exogens and of Mono- 
cotyledons.* In Europe the plant-remains in question have 

■ The *' Flowering plants " are divided into tbe two great groups of the 
Endogens atid Exogens. The Endogem (such as Grasses, Palms, Lilies, 
tc.)liave no true Imrk, nor rings of growth, and the stem is said to be 
" endogenous \ " the yoiuig plant also poiaesKo but a siogle leed-leaf or 
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been found chiefly in certain sands in the neighbourhood of Aix- 
la-ChapclIe, and they consist of numerous Ferns, Conifers (such 
as Cyeadgpta-is), Screw Fines (Pan^antts), Oaks {Quercus), 'Vi!a\.- 
nMt\jt^lans),V\^(Fkus), anAm^ny ProteacetE, some of which arc 
referred to existing genera (Dryondra, Batiksia, Grfi'ilUa, &c) 

In North America, the Cretaceous strata of New Jersey, 
Alabama, Nebraska, Kansas, &c., have )-ielded the remains of 
numerous plants, many of which belong to existing genera. 
Amongst these may be mentioned Tulip-trees {Liriotimriroii), 
Sassafras (fig. 186}, Oaks (Qimms), Beeches (Fagus), Plane- 
trees {Piatanus), Alders (Ainus), Dog-wood {Comiis), Willows 
(Salix), Poplars (Fopulus), Cypresses (Cupressus), Bald Cy- 
presses (Tiixtvlium), Magnolias, &c. Besides these, however, 
there occur other forms which have now entirely disappeared 
from North America— as, for example, species of Cinnamo»ium 
and Aranmria. 

It follows from the above, that the Lower and Upper Creta- 
ceous rocks are, from a botanical point of view, sharply sepa- 
rated from one another. The Paleozoic period, as we have 
seen, is characterised by the prevalance of " Flowerless " plants 
{Cryptogams), its higher vegetation consisting almost exclu- 
sively of Conifers, The Mesozoicperiod, as a whole, is charac- 
terised by the prevalence of the Cryptoganiic group of the 
Ferns, and the Gymnospermic groups of the Conifers and the 
Cycads. Up to the close of the Lower Cretaceous, no Angio- 
spermous Exogens are certainly known to have existed, and 
Monocotyledonous plants or Endogens are very poorly repre- 
sented. With the Upper Cretaceous, however, a new era of 
plant-life, of which our present is but the culmination, com- 
menced, with a great and apparently sudden development of new 
forms. In place of the Ferns, Cycads, and Conifers of the earlier 
Mesozoic deposits, we have now an astonishingly large number 
of true Angiospermous Exogens, many of them belonging to 
existing types ; and along with these are various Monocotyle- 
donous plants, including the first examples of the great and im- 

"cDtyJedon," Hence thesepUnts are oflensimply called " Menoeolyledens." 
The Exogms, on the other hand, have a true bark ; and (he stem increases 
by annual additions to the outside, so that rings of growth are produced. 
TTie young plant has two seed-leaves or "cotyledons," and these plants 
are therefore called " DkolyUdons." Amongst the Exojjens, the Pines 
(Conifa-s) and the Cycads have seeds which arc unprotected by a seed- 
vessel, and they are therefore called " Cymthssffrms." All the olhtr 
Exogens, indnding the ordinary trees, shrubs, and flowering plitnts, have 
the seeds enclosed in a seed-vessel, and are therefore called "Attgiti- 
sptrms. " The derivation of these terms will he found in the Glossary al 
the end of the volume. 
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lortant group of the Palms, It is thus a matter of interest to 
eflect that plants closely related to those now inhabiting the 
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in existence at a time when the ocean was tenanted 
Ammonites and Belemnites, and when land and sea and 
LIT were peopled by the extraordinary extinct Reptiles of the 
period. 

As regards animal life, the Protozoans of the Cretaceous 
period are exceedingly numerous, and are represented by Jvra- 
minifera and Sponges. As we have already seen, the White 
Chalk itself is a deep-sea deposit, almost entirely composed 
of the microscopic shells of Foramintfers, along with Sponge- 
spicules, and organic rfis^rw of different kinds {see p. 22, fig. 7). 
The green grains which are so abundant in several minor sub- 
divisions of the Cretaceous, are also in many instances really 
casts in glauconite of the chambered shells of these minute 
organisms. A great many species of Foraminifera have been 
Tec(^ised in the Chalk; but the three principal genera are 
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GAiii,^''''""'i Rotalia (fig. 187), and Textidaria — groups which 
are likewise characteristic of the "ooze" of the Atlantic and 




[ 



Pacific Oceans at great depths. The flints of the Chalk also 
commonly contain the shells of Foraminifera. The Upper 
(Ireensand has yielded in considerable numbers the huge 
Foraminifera describeil by Dr Carpenter under the ]iame of 
J^rkeria, the spherical shells of which are composed of sand- 
grains agglutinated together, and sometimes attain a diameter 
of two and a quarter inches. The Cretaceous Sponges are 
extremely numerous, and occur under a great number of Ta^i^ 
ties of shape and structure ; but the two most characteristic 
genera are Siphonia and VmirieuliifS, both of which are e>- 
clusively confined to strata of this age. The SipJtonia {fig. 
188) consist of a pear-shaped, sometimes lobed head, supported 
by a longer or shorter stem, which breaks up at its base into a 
number of root-like processes of attachment. The water gained 
access to the interior of the Sponge by a number of minuie 
openings covering the surface, and ultimately escaped by a 
single, large, chimney- shaped apertm'e at die suinmit. In some 
respects these sponges present a singular resemblance to the 
beautiful "Vitreous Sponges" {Holtmia ox Plierotitma) ol'^^ 
deep Atlantic ; and, like these, they were probably denizens 
of a deep sea. The Ventriailites of the Chalk (fig. 189) is, 
however, a genus still more closely allied to the wonderfiil 
flinty Sponges, whicli have been shown, by the researches of 
the Porcupine, Lightning, and Challenger expeditions, to live 
half buried in the calcareous ooze of the abysses of our great 
oceans. Many forms of this genus are known, having " usu- 
ally the form of graceful vases, tubes, or funnels, variously 
ridged or grooved, or otherwise ornamented on the surfece, 
frequently expanded above into a cup-like lip, and continued 
below into a bundle of fibrous roots. The minute structure of 
these bodies shows an extremely delicate tracery of fine tubes, 
sometimes empty, sometimes filled with loose calcareous nuu- 
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[iyed with peroxide of iron." — (Sir Wyville Thomson.) 
y of the Chalk sponges, originally calcareous, have been 
convened into flint subsequently ; but the Ventriculites are 





fally composed of this substance, and are therefore genuine 
"Sliceous Sponges," like the existing Venus's Flower-Basket 
(Enpiedelia). Like the latter, the skeleton was doubtless ori- 
gindiy composed, in the young state, of disconnected six- 
nyed spicules, which ultimately become fixed together to 
^institute a continuous frame-work. The sea-water, as in the 
t«ent forms, must have been admitted to the interior of the 
S|ionge by numerous apertures on its exterior, subsequently 
escaping by a single large opening at its summit. 

Amongst the Cmlmterates, the " Hydroid Zoophytes " are 
represented by a species of the encrusting genus Hydractinia, 
fte horny polypary of which is so commonly found at the 
present day adljering to the exterior of shells. The occurrence 
pfthis genusisof interest, because it is the first known instance 
in the entire geological series of the occurrence of an unques- 
tionable Hydroid of a modem type, though many of the exist- 
ing forms of these animals possess structures which are per- 
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feclly fitted for preservation in the fossil condition. The corals 
of the Cretaceous series are not very numerous, and for the 
most part are referable to types such as Trochocyallius, Sttpkana- 
pkyllia, Parasmilia, Syiihdia (fig. 190), &c., whicli belong tii 
the same great group of corals as the niLijority of cxislinj; 
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forms. We have also a few "Tabulate Corals" (Pelyirf- 
macis), hardly, if at all, generically separable from very ancieiil 
forms {Heliolites); and the Lower Greensand has yielded tbe 
remains of the little Holocystis elegans, Inng believed to be the 
last of the great Palfeozoic group of the Rugosa. 

As regards the Echitwderms, the group of the Crinoids now 
exhibits a marked decrease in the number and variety of iK 
types. The " stalked " forms are represented by Pentacrinus 
and Bourgueticrinus, and the free forms by Feather-stars like 
our existing Comalulm ; whilst a link between the stalked and 
free groups is constituted by the curious "Tortoise Encrinite 
(Marsupiies). By far the most abundant Cretaceous Echino- 
derms, however, are Sea-urchins {Echinoids) ; though seveisl 
Star-fishes ate known as well. The remains of Sea-urchins are 
so abundant in various parts of the Cretaceous series, especi- 
ally in the White Chalk, and are often so beautifully preserved, 
that they constitute one of the most marked features of the 
fauna of the period. From the many genera of Sea-urchins 
which occur in strata of this age, it is difficult to select char- 
acteristic types; but the genera Galerites (fig. 191), Dismdta 
{fig. 192), Micraster, Anaiic/iytes, Diadenia, Salmia, and G- 



THE CRETACEOUS PEKIOU. 26/ 

ilaris mav be mentioned as being atl important Cretaceous 
. inimali ot the Cretaceous period, 




1 



there is little speLi il to remark The Crustaceans belorg for 
tlie most part to the highly organised groups of the Lobsters 




and the Cr.ihs (the Macrurous and Brachyurous Decapods) ; 
but there are also numerous little Ostracodes, especially in the 
fresh-water strata of the Wealden. It should further be noted 
that there occurs here a great development of the singular 
CfKrfrtfWttJ family of the Barnacles (Z^/ai/iV^is), whilst the allied 
family of the equally singular Acorn-shells {Balanidd) is feebly 
represented as well. 

Passing on to the Afollmca, the class of the Sea-mats and 
Sea-mosses {Fo/ysoa) is immensely developed in the Cretaceous 
period, nearly two hundred species being known to occur in 
ilieClialk. Most of the Cretaceous forms belong to the family 
of the Mscharida, the genera Esckara and Escharina (fig. 1 93) 
being particularly well represented. Most of the Cretaceous 
Polyzoans 3.Te of small size, but some attain considerable di- 
mensions, and many simulate Corals in their general form and 
appearance. 
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The Lamp-shells {Braehiupods) have now reached a further 



stage of the progressive 




ibiged. tapper GfH 



;, which they have been under- 
going ever since the close of 
the PaliEozoic period. Though 
individually not rare, especially 
in certain minor subdivisions 
of the series, the number of 
generic types has now he- 
come distinctly diminished, the 
principal forms belonging 
tlie genera Terebra/ula, 
iiraUlia {fi^. 194), Terebral 
Rhynchonella, and Crania (fijp^ 
195). In the last mentioned 
of these, the shell is attached 
to foreign bodies by the sub- 
s (the ventral}, whilst the other or 
impet-shaped. All the above-men- 




tioned genera are in existence at the present day ; and ont 
species — namely, Terebraiulina sirio/a^ 3.ppe3.rs to be indis- 
tinguishable from one now living — the Terebratulina caput- 
serpenlis. 

Whilst the Lamp-shells are slowly declining, tlie Bivalves 
(^LanuUibratuhs) are greatly developed, and are amongst ihe 
most abundant and characteristic fossils of the Cretaceous 
period. In the great river-deposit of the WeaJden, the Bivalvs 
are forms proper to fresh water, belonging to the existing 
River-mussels ( Unto), Cyrena and Cyclas; but most of the 
Cretaceous Lamellibranchs are marine. Some of the mo9 
abundant and characteristic of these belong to the great faroilj 
of the Oysters {Ostreidd). Amongst these are the genera 
Gryphaa and Exogyra, both of which we have seen to oca* 
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fcbiindantiy in [lie Jurassic ; and there are also numerous true 
nbysters (Osfrea, fig. 196) and Thorny Oysters {Spomiylus, fig. 




I ceous strata. No single genus of Bivalves is, however, so highly 
characteristic of. the Cretaceous period as fnoceramus, a group 
belonging to the family of the Pearl-mussels {Aviintlidee). The 
• shells of this genus (fig. 198) have the valves unequal in size, 
the larger valve often being much twisted, and both valves 
being marked with radiating ribs or concentric furrows. The 
hinge-line is long and straight, with numerous pits for the 
attachment of the ligament which serves to open the shell 
Some of the Inoeerami attain a length of two or three feet, and 
fragments of the shell are often found perforated by boring 
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Sponges. Aiiollier extraordinary family of Bivalves, which is 
t'Nclusively confined to the Cretaceous rocks, is that of the 




Jfippuritiila. All the members of this group (fig, rgg) t 
attached to foreign objects, and lived associated in beds, like 




Oysters. The two valves of the shell are always altogether 
unlike in sculpturing, appearance, shape, aiid size; and the 
cast of the interior of the shell is often extremely unlike the 
form of the outer surface. The type-genus of the family is 
Hippuriles itself (fig. 199), in which the shell is in the shape of 
a straight or slightly-twisted horn, sometimes a foot or more in 
length, constituted by the attached lower valve, and closed 
above by a small lid-like free upper valve. About a himdreii 
species of the family of the Hippurilida are known, all of these 
being Cretaceous, and occurring in Britain (one species only), 
in Soutliern Europe, the West Indies, North America, Algeria, 
and Egypt. Species of this family occur in such numbers in 
certain compact marbles in the south of Europe, of the age of 
the Upper Cretaceous (Lower Chalk), as to have given origiu 
to (he name of " Hippurite Limestones," applied to these 
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The Univalves {Gasteropods) of llie Cretaceous period are 
not very numerous, nor particularly remarkable. Along with 
species of the persistent genus Pleurotomana and the Meso- 





1. South of Europe. 



flic Nerinaa, we meet with examples of such modem types 
I Ttirritella and Natica, the Staircase-shells {Solarium), the 
Gentle-traps (Scalaria), the Carrier-shells (Fhorus), &c. To- 
rds the close of the Cretaceous period, and especially in 
;h transitional strata as the Maestricht beds, tlie Faxoe 
^raestone, and the Pisolitic Limestone of Fiance, we meet 
1 number of carnivorous (" siphonostomatous") Uni- 
mlves, in which the mouth of the shell is notched or pro- 
tnced into a canal. Amongst these it is interesting to 
ecognise examples of such existing genera as the Volutes 
Velula, fig. 200), the Cowries (Cypraa), the Mitre-shells 
Mitra), the Wing - shells (Slrontbtis), the Scorpion - shells 
Pteroeeras), &c. 
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Upon the whole, the most characteristic of all the Creta- 
ceous Molluscs are the Cephalopods, represented by the remaiDs 
of both Telrabranchiale and Dibranchiate forms. Amongst the 
former, the long-lived genus Nautilus (fig. aoi) again reap- 







pears, with its involute shell, its capacious body-chamber, its 
simple septa between the air-chambers, and its nearly or quite 
central siphuncle. The majority of the chambered Cephalo- 
pods of the Cretaceous belong, however, to the complex and 
beautiful family of the Ammonitidm, with their elaborately- 
folded and lobed septa and dorsally-placed siphuncle. This 
family disappears wholly at the close of the Cretaceous period ; 
but its approaching extinction, so far from being signalised by 
any slow decrease and diminution in the number of specific 
or generic types, seems to have been attended by the develop- 
ment of whole series of new fonps. The genus AmTHonUes 
itself, dating from the Carboniferous, has certainly passed its 
prime, but it is still represented by many species, and some of 
these attained enormous dimensions (two or three feet in 
diameter). The genus Ancyloceras (fig. 202), though likewise 
of more ancient origin (Jurassic), is nevertheless very charac- 
teristic of the Cretaceous. In this genus the first portion of 
the shell is in the form of a flat spiral, the coils of which are 
not in contact ; and its last portion is produced at a tangent, 
becoming ultimately bent back in the form of a crosier. Be- 
sides these pre -existent types, the Cretaceous rocks have 
yielded a great number of entirely new forms of the Ammoni- 
iidee, which are not known in any deposits of earlier or later 
date. Amongst the more important of these may be men- 
tioned Crioceras, Turriiiles, Scaphiles, HaniiUs, Ptyckeeeras, 1 
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D)[i Baculiies. In the genus Crioceras {fig. Z04, d), llie shell 
hnsists of an open spiral, the volutions of which are not in 




Ontact, thus resembling a partially- unrolled Ammoniie or the 
onei portion of an Ancyloceras. In Turriltles (fig. 203), the 
itell is precisely like that of the Ammonite in its structure; 
but instead of forming a flat spiral, it is coiled into an ele- 
vated turreted shell, the whorls of which are in contact with 
one another. In the genus Scaphites (fig. 204, e), the shell 
Ksembles that of Ancyloceras in consisting of a series of volu- 
lions coiled into a fiat spiral, the last being detached frora the 
others, produced, and ultimately bent back in the form of a 
trosier; but the whorls of the enrolled part of the shell are in 
.contact, instead of being separate as in the latter. In the 
ipDUs Hamitts (fig. 204,/), the shell is an extremely elongated 
tone, which is bent upon itself more than once, in a hook-like 
tuanner, all the volutions being separate. The genus Ptycho- 
liras (fig. 204, (?) is very like Hamites, except that the shell is 
*ly bent once ; and the two portions thus bent are in contact 
*ilh one another. Lastly, in the genus Bamlites (fig. 204, b 
Uidi) the shell is simply a straight elongated cone, not bent 
Oany way, but possessing the fslded septa which characterise 
lie whole Ammonite famdy. The Baailiie is the simplest of 
ll the forms of the Ammomtidm; and 'all the other forms, how- 
fer complex, may be regarded as being simply produced by 
e bending or folding of such a conical septate shell in difler- 
it ways. The Baculite, therefore, corresponds, in the series 
'the Ammonitidm, to the Orthoceras in the series of the Nau- 
AU the above-mentioned genera are characteristically, 
; exclusively, Cretaceous, and they are accompanied by a 
imber of other allied forms, which cannot be noticed here. 
I single one of these genera, furtlier, has hitherto been 
jtecled in any strata higher than the Cretaceous. We may 
erefore consider that these wonderful, varied, and elaborate 
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rorms of Ammoniiida constitute one of the most conspic| 
features in the life of the Chalk period. 

The Dibranchiate Cephalopods are represented partly bya 




beak-like jaws of unknown species of Cuttle-fishes and partly 
by the internal skeletons of Belemnites, Amongst the latter, 
the genus Bdemnites itself holds its place in the lower part of 
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ihe Cretaceous series ; but it disappears in tlie u]j|)er portion 
I of the series, and its place is taken by the nearlyrallied genus 
' BekmnUella (fig. 205), distinguislied by the possession of a 
Straight fissure in the upper end of the guard. This 
also disappears at the close of the Cretaceous 
period J and no member of the great Mesozoic 
family of the Belemmtida has hitherto been dis- 
covered in any Tertiary deposit, or is known to 
exist at the present day. 

Passing on next to the Vertebrate Animah of the 
Cretaceous period, we find the Fishes represented 
as before by the Ganoids and the Placoids, to which, 
however, we can now add the first known examples 
of the great group ai i)\s Bony Fishes or Teleosteatts, 
comprising the great majority of existing forms. 
The Ganoid fishes of the Cretaceous {Lepidotits, 
Pyatodus, &c.) present no features of special in- 
terest Little, also, need be said about the Placoid 
fishes of this period. As in the Jurassic deposits, r*'J°^'r 
the remains of these consist partly of the teetli of Bi'/^i»ii°Ua 
_ ■ le Sharks (Zarawft, l9(/yf;/iij/i>,&c.), and partly wSToSk 
bf the teeth and defensive spines of Cestracionts, 
such as the living Port -Jackson Shark. The pointed and sharp- 
edged teeth of tnie Sharks are very abundant in some beds, such 
Bs the Upper Greensand, and are beanlifully preserved. The 
Kelh of some forms {Care/iarias, &lc.) attain occasionally a 
ength of three or four inches, and indicate the existence in the 
L>ctaceous seas of huge predaceous fishes, probably larger than 
my existing Sharks. The remains of Cestracionts consist 
^larrty of the flattened teeth of genera such as Acrodus and 
nPtyehodus (the latter confined to rocks of this age), and partly 
©f the pointed teeth of Hybodiis, a genus which dates from the 
Trias. In this genus the teeth (fig. 306) consist of a principal 
'<:entral cone, flanked by minor lateral cones; and the fin- 




spines {fig. 207) are longitudinally grooved, and carry a series 
flf small spines on their hinder or concave margin. Lastly, 
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tlie great modern order of [he Bony Fishes or 2 
makes its first appearance in the Upper Cretaceous rocks. 
where it Is represented by forms belonging to no less than 
three existing groups — namely, the Salmon family (Sa/- 
vionidm), the Herring family (Cliipeiii^), and the Perch family 
(PercUim). All these fishes have thin, homy, overlapping 




scales, symmetrical (" homocercal ") tailSj and bony skeletons. 
The genus Beryx (fig. zo8, i) is one represented by existing 
species at the present day, and belongs to the Perch family. 
The genus Osmeroides, again (fig. 208, 2), is supposed to be 
related to the living Sraelts {Osrnerus), and, therefore, to 
belong to the Salmon tribe. 

No remains ai Amfihil}iansha.v& hitherto been detected in 
any part of tlie Cretaceous series ; but Jieptilis are extremely 
numerous, and belong to very varied types. As regards the 
great extinct groups of Reptiles which characterise the Meso- 
zoic period as a whole, the huge " Enaliosaurs " or "Sea- 
Lizards" are stil! represented by the Ichlhyosaiir and the 
P/aiosatir. Nearly allied to the latter of these is the E/as- 
r of the American Cretaceous, which combined the 
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tail of the Ichthyosaur with the long neck of the Plesio- 
saur. The length of this monstrous Reptile could not have 
been less than fifty feet, the neck consisting of over sixty 
vertebne and measuring over twenty feet in length. The 
extraordinary Flying Reptiles of the Jurassic are likewise well 
represented in the Cretaceous rocks by species of the genus 
Pterodactylus itself, and these later forms are much more 
gigantic in their (Umensions than their predecessors. Thus 
some of the Cretaceous Pterosaurs seem to have had a spread 
of wing of from twenty to twenty-five feet, more than realising 
the "Dragons" of fable in point of size. The most remark- 
able, however, of the Cretaceous IHerosatirs are the forms 
which have recently been described by Professor Marsh under 
the generic title of PUranodon. In these singular forms — so 
far only known as American— the animal possessed a skeleton 
in all respects similar to that of the typical Pterodaclyles, 
except that the jaws are completely destitute of teeth. There 
is, therefore, the strongest probability that the jaws were 
encased in a homy sheath, thus coming to resemble the beak 
of a Bird. Some of the recognised species of Pttranodon are 
very small ; but the skull of one species (P. hngiups) is not 
less than a yard in length, and there are portions of the skull 
of another species which would indicate a length of four feet 
for the cranium. These measurements would point to dimen- 
sions larger than those of any other known Pterosaurs. 

The great Mesozoic order of the Deinosaurs is largely rep- 
resented in the Cretaceous rocks, partly by genera which 
previously existed in the Jurassic period, and partly by entirely 
new types. The great delta-deposit of the WeaJden, in the 
Old World, has yielded the remains of various of these huge 
terrestrial Reptiles, and very many others have been found in 
the Cretaceous deposits of North America. One of the most 
celebrated of the Cretaceous Deinosaurs is the Igiiatiodon, so 
called from the curious resemblance of its teeth to those of the 
existing but comparatively diminutive Iguana. The teeth (fig. 
.309) are soldered to the inner face of the jaw, instead of being 
Simk in distinct sockets; and they have the form of somewhat 
.flattened prisms, longitudinally ridged on the outer surface, 
with an obtusely triangular crown, and having the enamel 
ierenated on one or both sides. They present the extraordinary 
feature that the crowns became worn down flat by mastication, 
showing that the Igitanodon employed its teeth in actually 
chewing and triturating the vegetable matter on which it fed. 
There can therefore be no doubt but that the Igtianodon, in 
ipite of its immense bulk, was an herbivorous Reptile, and 
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lived principally on the foliage of the Cretaceous forests 
' amongst which it dwelt. Its si*:e has been variously estimated 




.—Teeth of /^imwirfo 



at from thirty to fifty feet, the thigh-bone in large examples 
measuring nearly five feet in length, with a circumference of 
twenty-two inches in its smallest part. With the strong and 
massive hind-limbs are associated comparatively weak and 
small fore-limbs ; and there seems little reason to doubt that 
the Iguanodon must have walked temporarily or permanently 
upon its hind-limbs, after the manner of a Bird. This conjec- 
ture is further supported by the occurrence in the strata which 
contain the bones of the Iguanodon of gigantic three-toed foot- 
prints, disposed singly in a double track. These prints have 
undoubtedly been produced by some animal walking on two 
legs; and they can hardly, with any probability, be ascribed to 
any other than this enormous Reptile. Closely allied to the 
Iguanodon is the Hadrosaurus of the American Cretaceous, the 
length of which is estimated at twenty-eight feet. Iguanodon 
does not appear to have possessed any integumentary skeleton; 
but the great Hylaosaurus of the Wealden seems to have been 
furnished with a longitudinal crest of large spines miming 
down the back, similar to that which is found in the compara- 
tively small Iguanas of the present day. The Megalosaurus of 
the Oolites continued to exist in the Cretaceous period ; and, as 
we have previously seen, it was carnivorous in its habits. The 
American Lmlaps was also carnivorous, and, like the MegaJosaur, 
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which it very closely resembles, appears to have walked upon 
its hind-legs, the fore-limbs being disproportionately small. 

Another remarkable group of Reptiles, exclusively confined 
to the Cretaceous series, is that of the Mosasauroids, so called 
from the type-genus Mosasaurus. The first species of Alosa- 
saurtis known to science was tlie Af. Camperi (fig. 210), the 







skull of which — six feet in length — was discovered in 1780 in 
the Maestricht Chalk at Maestricht. As this town stands on 
the river Mense, the name of Mosasaurus (" Lizard of the 
Meuse ") was applied to this immense Reptile. Of late years 
the remains of a large number of Reptiles more or less closely 
related to Mosasaurus, or absolutely belonging to it, have been 
discovered in the Cretaceous deposits of North America, and 
have been described by Professors Cope and Marsh. All 
the known forms of this group appear to have been of large 
size — one of them, Mosasaurus primeps, attaining the length of 
seventy-five or eighty feet, and thus rivalling the largest of ex- 
isting Whales in its dimensions. The teeth in the " Mosa- 
sauroids " are long, pointed, and slightly curved ; and instead 
of being sunk in distinct sockets, they are firmly amalgamated 
with the jaws, as in modem Lizards. The palate also carried 
leeth, and the lower jaw was so constructed as to allow of the 
mouth being opened to an immense width, somewhat as in the 
living Serpents. The body was long and snake-like, with a 
very long tail, which is laterally compressed, and must have 
served as a powerful swimming-apparatus. In addition to this, 
I both pairs of limbs have the bones connecting them with the 
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trunk greatly shortened; whilst the digits were enclosed in the 
integuments, and constituted paddles, closely resembling in 
structure the " flippers" of Whales and Dolphins. The neck 
is sometimes moderately long, but oftener very short, as the 
great size and weight of the head would have led one to anti- 
cipate. Bony plates seem in some species to have formed aii 
at any rate partial covering to the skiu ; but it is not certain 
that these integumentary appendages were present in all. Up- 
on the whole, there can be no doubt but that the Mosasauroid 
Reptiles^the true "Sea-serpents" of the Cretaceous period- 
were essentially aquatic in their habits, frequenting the sea, 
and only occasionally coming to the land. 

The " Mosasauroids " have generally been regarded as a 
greatly modified group of the Lizards {Lttceriilia). Whether 
this reference be correct or not — and recent investigations 
render it dubious — the Cretaceous rocks have yielded the 
remains of small Lizards not widely removed from existbg 
forms. The recent order of the Chdoniam is also represented 
in the Cretaceous rocks, 
by forms closely re- 
sembling living types. 
Thus the fresh -water \ 
deposits of the Wealden 
have yielded examples 
of the "Terrapins" w 
"iMud-Turtles'^^wyj): 
and the marine Creta- 
ceous strata have been 
found to contain the 
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. cies of Turtles, one of 
which is here figured 
(fig. 3ii). No true 
Serpent5((P/-*/(fti)have 
as yet been detected in 
the Cretaceous rocks) 
and this order does not 
appear to have conw 
into existence till the 
Tertiary period. I.ast- 

Fig -111 —Zs.^va.'K! o< Chrl^nr BanUdi ^1i ^^^^ CrOCodlleS aTC 

Luwcr Lhalk. (Aftcf Owen.) kUOWn tO haVC Cxisttll 

in considerable num- 
bers in the Cretaceous period. The oldest of these occur 
in the fresh-water deposit of the Wealden ; and they differ from 
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existing forms of the group in the fact thai the bodies 
flE the verlebrse, like those of the Jurassic Crocodiles, are 
U-concave, or hollowed out at both ends. In the Greensand 
of North America, however, occur the remains of Crocodiles 
ihidi agree with all the living species in having the botlies of 
ihe vertebrae in the region of the back hollowed out in front 
and convex behind. 

Birds have not hitlierto been shown, with certainty, to have 
existed in Europe during the Cretaceous period, except in a 
few instances in which fragmentary remains belonging to this 
class have been discovered The Cretaceous deposits of 
Nnrth America have, however, been shown by Professor 
Marsh to contain a considerable number of the remains of 
Birds, often in a state of excellent preservation. Some of 
these belong to Swimming or Wading Birds, differing in no 
point of special interest from modem birds of similar habits. 
Others, however, exliibit such extraordinary peculiarities that 
diey merit more than a passing notice. One of the forms in 
question constitutes the genus Ichthyontis of Marsh, tJie type- 
qiedes of which (/. dhpar) was about as large as a Pigeon, 
hi two remarkable respects, this singular Bird differs from all 
known living members of the class. One of these respects 
Concerns the jaws, both of which exhibit the Reptilian cliar- 
W:ter of being armed with numerous small pointed teeth (fig. 
S", a), sunk in distinct sockets. No existing bird possesses 
teeth; and this character forcibly recalls the Bird-like Ptero- 
Hnrs, with their toothed jaws, Ichthyarnis, however, possessed 
we-limbs constructed strictly on the type of the "wing" of the 
Hvuig Birds; and it cannot, therefore, be separated from this 
dass. Another extraordinary peculiarity of Ichthyornis is, that 
flie bodies of the vertd>riB (fig. a 1 2, c) were bi-concave, as is the 
Case with many extinct Reptiles and almost all Fishes, but as 
4oes not occur in any living Bird. There can be little doubt 
that Ichthyornis was aquatic in its habits, and that it lived prin- 
cipally upon fishes; but its powerful wings at the same time 
lldicate that it was capable of prolonged flight. The tail of 
■^ththyornis has, unfortunately, not been discovered ; and it is 
*t present impossible to say whether this resembled the tail of 
' iting Birds, or whether it was elongated and composed of 
Separate vertebrK, as in the Jurassic Archmopteryx. 

Still more wonderful than Ichthyornis is the marvellous bird 
■described by Marsh nndcr the name of Hesperomis regetlis. 
This presents us with a gigantic diving bird, somewhat re- 
sembling the existing " Loons" (Colymbus"), but agreeing 
fvitb Ichthyends in having the jaws furnished with conical. 
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recurved, pointed teeth (fig. 2iz, d). Hence these forms are 
grouped together in a new sub-classj under the name of Odon- 
lomithcs or "Toothed Birds." The teeth of J/esperernis (&g. 
212, rf) resemble tliose of Iclithyornis in their general fonn; 
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reralii, reduced u nearly one-founli of the natural »ie ; c, Cervical vertebiB otJcil, 
disfar, float view, iwice ihe nalunJ si»i c', Side view of the same : 0', Tooth oTi 



but instead of being sunk in distinct sockets, they are simply 
implanted in a deep continuous groove in the bony substance 
of the jaw. The front of the upper jaw does not cany teeth, 
and was probably encased in a homy beak. The breast-bone 
is entirely destitute of a central ridge or keel, and the winp 
are minute and quite rudimentary ; so that Hesperomis, unlike 
Ichthyornh, must have been wholly deprived of the power of 
flight, in this respect approaching die existing Penguins. The 
taU consists of about twelve vertebrse, of which the last three or 
four are amalgamated to form a flat terminal mass, there being 
at the same time clear indications that the tail was capable 
of np and down movement in a vertical plane, this proba- 
bly fitting it to serve as a swimming-paddle or rudder. The 
legs were powerfully constructed, and the feet were adapted to 
the birdinrapid motion through thewater. The knon-n 
remains of Hesperornis regalis prove it to have been a swim- 
ming and diving bird, of larger dimensions than any of the 
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aquatic members of the class of Birds with which we are ac- 
quainted at the present day. It appears to have stood belweeji 
five and six feet higli, and its inability to fly is fully compen- 
sated for by the numerous adaptations of its structure to a 
watery life. Its teeth prove it to have been i ' 
habits, and it probably lived upon fishes, 
that two Birds agreeing with one another in the wholly abnor- 
mal character of possessing teeth, and in other respects so 
entirely different, should, like Ichthyornis and Hesperomis, 
have lived not only in the same geological period, but also in 
the same geographical area ; and it is equally curious that 
the area inhabited by these toothed Birds should at the same 
time have been tenanted by winged and bird-like Reptiles 
belonging to the toothed genus Pta-odattylus and the toothless 
genus Pteranodon. 

No remains of Mammals, finally, have as yet been detected 
in any sedunentary accumulations of Cretaceous age. 
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CHAPTER XVIII. 

rN£ EOCENE PERIOD. 

Before commencing the study of the subdivisions-^ 
Kainoeoic series, there are some general consideraticMl 
noted. In the first place, there is in the Old World J 
plete and entire physical break between the rocks 1 
Mesozoic and Kainozoic periods. In no instance ii 

Tertiary strata to be found resting conformably upc 
Secondary rock. The Chalk has invariably suffered 1 
erosion and denudation before the lowest Tertiary strata w 
deposited upon it. This is shown by the fact that the a 
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eroded surface of the Chalk can often be seen ; or, failing this, 
that we can point to the presence of the chalk-flints in the 
Tertiary strata. This last, of course, affords tin questionable 
proof that the Chalk must have been subjected to enormous 
denudation prior to the formation of the Tertiary beds, all the 
chaik itself having been removed, and nothing left but the 
flints, while these are all rolled and rounded. In the continent 
of North America, on the other hand, the lowest Tertiary strata 
have been showT) to graduate downwards confonnably with the 
highest Cretaceous beds, it being a matter of difficulty to draw 
a precise line of demarcation between the two formations. 

In the second place, there is a marked break in the life of 
the Mesozoic and Kainozoic periods. With the exception of 
a few Fumminifera, and one Brachiopod (the latter doubtful), 
no Cretaceous species is knoivn to have survived the Creta- 
ceoiw period; while several characteristic yam/AVj, such as the 
Amvwnitidts, Belemnitidm, and Hippuriiida, died out entirely 
with the close of the Cretaceous rocks. In the Tertiary rocks, 
on the other hand, not only are all the animals and plants 
more or less like existing types, but we meet with a constantly- 
increasing number oi living species as we pass from the bottom 
of the Kainozoic series to the top. Upon this last fact is 
founded the modem classification of the Kainozoic rocks, 
propounded by Sir Charles Lyell. 

The absence in strata of Tertiary age of the chambered 
Cephalopods, the Belemnites, the Hippurites, the hiocerami, 
and the diversified types of Reptiles which form such con- 
spicuous features in the Cretaceous fauna, render the palseon- 
tological break between the Chalk and the Eocene one far too 
serious to be overlooked. At the same time, it is to be re- 
membered that the evidence afforded by the explorations car- 
ried out of late years as to the animal life of the deep sea, ren- 
ders it certain that the extinction of marine forms of life at the 
dose of the Cretaceous period was far less extensive than had 
been previously assumed. It is tolerably certain, in fact, that 
we may look upon some of the inhabitants of the depths of our 
existing oceans as the direct, if modified, descendants of ani- 
mals which were in existence when the Chalk was deposited. 

It follows from the general want of conformity between the 
Cretaceous and Tertiary rocks, and still more from the great 
difference in life, that the Cretaceous and Tertiary periods are 
separated, in the Old World at any rate, by an enormous lapse 
of unrepresented time. How long this interval may have been, 
we have no means of judging exactly, but it very possibly was 
as long as the whole Kainozoic epoch itscl£ Some day we 
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shall doubtless find, at some part of the earth's surface, marine 
strata which were deposited during this period, and which will 
contain fossils intermediate in character between the organic 
remains which respectively characterise the Secondary and 
Tertiary periods. At present, we have only slight traces of 
such deposits— as, for instance, the Maestricht beds, the Faxoe 
Limestone, and the Pisolitic Limestone of France. 

Classification o¥ the Tertiary Rocks. — The classifica- 
tion of the Tertiary rocks is a matter of unusual difficulty, in 
consequence of their occurring in disconnected basins, form- 
ing 3. series of detached areas, which liold no relations of 
superposition to one another. The order, therefore, of the 
Tertiaries in point of time, can only be determined by an ap- 
peal to fossils ; and in such determination Sir Charles Lyell 
proposed to take as the basis of classilication the proportion of 
living or existing species of Mollusca which occurs in each stratum 
or group of strata. Acting upon this principle. Sir Chades 
Lyell divides the Tertiary series into four groups : — 

I. The Eocene formation (Gr. eos, dawn ; kainos, new), con- 
taining the smallest proportion of existing species, and being 
therefore, the oldest division. In this classification, only the 
Mollusca are taken into account ; and it was found that of 
these about three and a half per cent were identical with ex- 
isting species. 

II. The Miocene formation (Cr, mdon, less; kainos, new), 
with more recent species than the Eocene, but/«j than the suc- 
ceeding formation, and less than one-half the total number in the 
formation. As before, only the Mollusca are taken into account, 
and about 17 per cent of these agree with existing species. 

III. The Pliocene formation (Or. pleion, more ; kainos, new), 
with generally tmtre than half the species of shells identical wiUi 
existing species — the proportion of these varying from 35 to 
go per cent in the lower beds of this division, up to 90 or 95 
per cent in its higher portion 

IV. The Post-Tertiary Pormattons, in which all the shells 
belong to existing species. This, m turn, is divided into two 
minor groups — ^the Post-Pliocene and Recent Formations. In 
the Post-Pliocene formations, while all the Mollusca belong to 
existing species, most of the Mammals belong to extinct 
species. In the Recent period, the quadrupeds, as well as the 
shells, belong to living species. 

The above, with some modihcations, was the original classi- 
fication proposed by Sir Charles Lyell for the Tertiary rocks, 
and now universally accepted. More recent researches, it is 
true, have somewhat altered the proportions of exisUng specieG 
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> extinct, as slated above. The general principle, however, 
of an increase in the number of living species, still holds good; 
and tbis is as yet the only satisfactory basis upon which it has 
been proposed to arrange the Tertiary deposits. 



Eocene Formation. 



P The Eocene rocks are the lowest of the Tertiary series, and 
Comprise all those Tertiary deposits in which there is only a 
small proportion of existing Motlusea — from three and a half 
to five per cenL The Eocene rocks occur in several basins in 
Britain, France, the Netherlands, and other parts of Europe, 
and in the United States. The subdivisions which have been 
established are extremely numerous, and it is often impossible 
to parallel those of one basin with those of another. It will 
be sufficient, therefore, to accept the division of the Eocene 
formation into three great groups — Lower, Middle, and Upper 
Eocene — and to consider some of tlie more important beds 
comprised under these heads in Europe and in North America. 
I. Eocene of Britain, (i.) Lower Eocene. — The base 
of the Eocene series in Britain is constituted by about 90 feet 
of light-coloured, sometimes argillaceous sands {Thantt Ssnris), 
which are of marine origin. Above these, or forming tlie base 
of the formation where these are wanting, come mottled clays 
and sands with lignite {Wooiwuh and Reading sn-ies), which 
are estuarine or fluvio-marine in origin. The highest member 
of the Lower Eocene of Britain is the " London Clay" consist- 
ing of a great mass of dark-brown or blue clay, sometimes with 
sandy lieds, or with layers of " septaria," the whole attaining a 
thickness of from aoo to as much as 500 feet The London 
Clay is a purely marine deposit, containing many marine fossils, 
ivith the remains of terrestrial animals and plants ; all of which 
indicate a high temperature of the sea and tropical or sub- 
tropical conditions of the land. 

g.(a.) Middle Eocene. — The inferior portion of the Middle 
ene of Britain consists of marine beds, chiefly consisting 
^sand, clays, and gravels, and attaining a very considerable 
iness {Bagshoi and Brackkskam beds). The superior por- 
D of the Middle Eocene of Britain, on the other hand, con- 
s of deposits which are almost exclusively fresh-water or 
icltish-water in origin {Hcadon and Osborne series). 
■The chief Continental formations of Middle Eocene age are 
" " Calcaire grossier " of the Paris basin, and the " Num- 
ilitic Limestone " of the Alps. 
3.) Upper Eocene. — If the Headon and Osborne beds of 
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the Isle of Wight be placed in the Middle Eocene, the only 
British representatives of the Upper Eocene are the Bembriigt 
beds. These strata consist of limestones, clays, and marls, 
which have for the most part been deposited in fresh or brack- 
ish water. 

II, Eocene Beds of the Paris Basin. — The Eocene 
strata are very well developed in the neighbourhood of Paris, 
wliere they occupy a large area or basin scooped out of the 
Chalk. The beds of this area are partly marine, partly fresh- 
water in origin ; and the following table (after Sir Charles 
Lyell) shows their subdivisions and their parallelism with the 

GzNEitAL Table of French Eocene Ktrata- 



, Gypseous series of Mont- 
. Calcaire Bilideuji, or Tia- 



. 0;^bo^le and Ileadon st 



Unlcaire Grassier, 
loissonnais Sands, i 
Coqull]icrs. 



. and Bntcltleiham bafc \ 



, ArgUe plastique and lignite. 



. 3. Sables de Bracheux. 



3 ITianet sands. 



I ^ 

K of I 



III. Eocene Strata of the United States. — ^The lof- 
est member of the Eocene deposits of North America is the 
so-called " Ligniik Formation" which is largely developed in 
Mississippi, Tennessee, Arkansas, Wyoming, Utah, Colorado, 
and California, and sometimes attains a thickness of several 
thousand feet. Stratigraphically, this formation exliibits the 
interesting point that it graduates downwards insensibly muJ 
conformably into the Cretaceous, whilst it is succeeded a'W- 
formabiy by strata of Middle Eocene age. Lithologically, the 
series consists principally of sands and clays, with beds of lif 
and coal, and its organic remains show that it is prlncipill)' 
of fresh-water origin with a partial intermixture of marine beds, 
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These marine strata of the " Lignitic formation " are of special 
interest, as showing such a commingling of Cretaceous and 
Tertiary types of Hfe, that it is impossible to draw any rigid 
Bne in this region between the Mesozoic and Kainozoic sys- 
tems. Thus the marine beds of the Lignitic series contain 
Soch characteristic Cretaceous forms as Jnoceranms and Am- 
monites, along with a great number of Univalves of a distinctly 
Tertiary type (Cones, Cowries, &c.) Upon the whole, there- 
fore, we must regard this series of deposits as affording a kind 
of transition between the Cretaceous and the Eocene, holding 
in some respects a position which may be compared with that 
held by the Purbeck beds in Britain as regards the Jurassic 
and Cretaceous. 

The Middle Eocene of the United States is represented 
by the Claiborne and Jackson beds. The Claiborne series is 
■extensively developed at Claiborne, Alabama, and consists of 
:sands, days, lignites, marls, and impure limestones, containing 
marine fossils along with numerous plant-remains. Tha/ack' 
ton series is represented by lignitic clays and marls which occur 
>t Jackson, Mississippi. Amongst the more remarkable fossils 
of this series are the teeth and bones of Cetaceans of the 
• f^Jius Zatg/otion. 

Strata of Upper Eocene age occur in North America at 
Ticksburg, Mississippi, and are known as the Vicksburg series. 
They consist of lignites, clays, marls, and limestones. Fresh- 
water deposits of Eocene age are also largely developed in 
parts of the Rocky Mountain region. The most remarkable 
fcasils of these beds are Mammals, of which a large number of 
^dea have been already determined. 

Life of the Eocene Period. 

The fossils of the Eocene deposits are so numerous that 
nothing more can be attempted here than to give a brief and 
general sketch of the life of the period, special attention being 
directed to some of the more prominent and interesting types, 
Smongst which — as throughout the Tertiary series — the Mam- 
mals hold the first place. It is not uncommon, indeed, to 
-4peak of the Tertiary period as a whole under the name of the 
■"Age of Mammals," a title at least as well deserved as that of 
^Age of Reptiles " applied to the Mesozoic, or " Age of Mol- 
Skcs" applied to the Palaeozoic epoch. 

As regards i\\^ plants of the Eocene, the chief point to be 

laodced is, that the conditions which had already set in with 

; - cenimencement of the Upper Cretaceous, are here coq- 
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tinued, and still further enforced. The Cycads of the Secondary 
period, if they have not totally disappeared, are exceedingly 
rare ; and the Conifers, losing tlie predominance which they 
enjoyed in the Mesozoic, are now relegated to a subordinate 
though well-defined place in the terrestrial vegetation. The 
great majority of the Eocene plants are referable to the groups 
of the Angiospemaous Exogens and the Monocotyledons ; and 
the vegetation of the period, upon the whole, approximates 
closely to that now existing upon the earth. The plants of the 
European Eocene are, liowever, in the main most closely allied 
to forms which are now characteristic of tropical or sub-tropical 
regions. Thus, in the London Clay are found numerous fruits 
of Palms t^NipadiUs, fig. 213), along with various other plants, 
most of which indicate a warm climate 
as prevailing in the south of England 
at the commencement of the Eocene 
period. In the Eocene strata of North 
America occur numerous plants belong- 
ing to existing types — such as Palms, 
Conifers, the Magnolia, Cinnamon, Fig, 
Dog- wood. Maple, Hickory, Poplar, 
Plane, &c. Taken as a whole, the 
Eocene tloraof North America is nearly 
related to that of the Miocene strata of 
Europe, as well as to that now existing 
in the American area. We may con- 
clude, therefore, that "the forests of 
the American Eocene resembled those 
of the European Miocene, and even of modern America" 
(Dana). 

As regards the animals of the Eocene period, the Protozoans 
are represented by numerous Foraminifera, which reach here 
their maximum of development, both as regards the size of 
individuals and the number of generic types. Many of the 
Eocene Foraminifers are of small size ; but even these not 
uncommonly form whole rock-masses. Thus, the so-called 
" Miliolite Limestone" of the Paris basin, largely used as a 
building-stone, is almost wholly composed of the shells of a 
small species of Miliola. The most remarkable, however, of 
the many members of this group of animals which flourished in 
Eocene times, are the " Nummulites " {NummuUna), so called 
from their resemblance in shape to coins (Lat. nummus, a coin). 
The Nummulites are amongst the largest of all known Fora- 
minifera., sometimes attaining a size of three inches in circum- 
ference ; and their internal structure is very complex (fig. 214). 
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Many species are known, and they are particularly character- 
ic of the Middle and Upper of these periods — their place 




King sometimes taken by Orbitohks, a form very similar to the 
Uummulite in external appearance, but differing in its internal 
ietails. In the Middle Eocene, the remains of Nummulites 
^^re found in vast numbers in a very widely-spread and easily- 
Idcognised fonnation known as the " Nummulitic Limestone " 
g. lo). According to Sir Charles Lyell, "the Nummulitic 
imestone of the Swiss Alps rises to more than 10,000 feet 
^YC the level of the sea, and attains here and in other moun- 
lun-chains a thickness of several thousand feet. It may be 
isid to play a far mote conspicuous part than any other Tertiary 
poup in the solid framework of the earth's crust, whether in 
■Europe, Asia, or Africa. It occurs in Algeria and Morocco, 
tad has been traced from Egypt, where it was largely quarried 
if old for the building of the Pyramids, into Asia Mmor, and 
icross Persia by Bagdad to the mouths of the Indus. It has 
n observed not only in Cutch, but in the mountain-ranges 
ftiich separate Scinde trout Persia, and which form the passes 
"iding to Cabu! ; and it has been followed still further east- 
lid into India, as far as Eastern Bengal and the frontiers of 
liina." The shells of Nummulites have been found at an 
Evation of 16,500 feet above the level of the sea in Western 
5iibet ; and the distinguished and philosophical geologist just 
noted, furtljer remarks, that " when we have once arrived at 
e conviction that the Nummulitic formation occupies a mid- 
le and upper place in the Eocene series, we are struck with 
K comparatively modern date to which some of the greatest 
rolutions in the physical geography of Europe, Asia, and 
nthem Africa must be referred. All the mountain-chains — 
ich as the Alps, Pyrenees, Carpathians, and Himalayas — into 
e composition of whose central and loftiest parts the Num- 
^tic strata enter bodily, could have had no existence till 



292 



HISTORICAL PAL/EONTOLOGY. 



after the Middle Eocene period. During that period, the sea 
prevailed where these chains now rise; for Nummuiites and 
their accompanying Testacea were unquestionably inhabitants 
of salt water." 

The CielmteraUs of the Eocene are represented principally 
by Corals mostly of t)pes identical with or nearly allied lo 
those now in existence Perhaps the most characteristic group 
of these is that of the Turbinolida, comprising a number d" 
simple cup corah which probably lived in moderately deep 
water One of the forms belonging to this family is here j 
figured (fig 315) Besides true Corals, the Eocene deposits 
tiave yielded the remains of the "Sea- 
pens {Pennatulidm) and the branched 
skeletons of the "Sea-shrubs" {Gorgonidit). 
The Echmodernis are represented prin- 
cipally by Sea-urchins, and demand nothing 
more than mention. It is to be obsen'td, 
however, that the great group of the Set- 

I lies {Crinoids) is now verging on extinc- 
t on and is but very feebly representei 

Amongst ih^Mollusca,i!ae Polyseami^t 
Brachiopods also require no special men- 
tion beyond the fact that the latter are 
greatly reduced in numbers, and belong 
prmcipally to the existing genera Tert 
Irilula and Rhyiuhonella. The Bivalves 
{Zrtm Uibranchs) and the Univalves (Giu- 

I I pois) are exceedingly numerous, and 
ilmost all the principal existing genera are 

ow represented ; though less than five 
per cent of the Eocene specks are identical 
ith those now living. It is difficult to 
nnke iny selection from the many Bivalves 
wh ch ire known in deposits of thisage; 
but species of Cardita, Crassalella, Uds, 
Cytena Madra, Cardium, Psammobia,iiiu, 
Fb —Tuinix may be mentioned as very characteristic 
rile and "from "'aboK The Cardita planUosfa here figured (fif 
Eoce e 216J ,s not only very abundant in the 

M ddle Eocene, but is very widely distri- 
buted ranging from Europe to the Pacific coast of Nortli 
America. The Um al es of the Eocene are extremely nil- 
merous and generally beautifully preserved. The majorilj 
of them belong to that great section of the Gastcropods ' 
wh ch the mouth of the shell is notched or produced ii 




THK EOCENE PERIOD. 



Fcanat (when the shell is said to be 
is section including the carnivoro' 



sii honostomatous )— 
ind most highlj or 




ganised groups of the clas Not oiilj is this the case but 
a large number of the Fo ene Umialvei belong to tjpes 
which now attain Iheir maximura of development id the 
warmer regions of the globe Thus we find numerous species 
of Cones (Cc/;'/j),\olutes ( I d/w/n), Cowries (Cj/raci, fig. 218), 




Olives and Rice-shells (OUva), Mitre-shells {Afitra), Trumpet- 
shells {Trilon), Auger-shells {Terebra), and Fig-shells {Pyrula). 
Along with these are many forms of Pleiiroloma, JiosUllaria, 
Spindle-shells (Fusus), Dog-whelks {Nassa), Murkes, and many 
round-mouthed (" holostomatous ") species, belonging to such 
genera as Tutritdla, Nertta, Natica, Sea/aria, &c. The genus 
Cerithium (fig. 219), most of the living forms of which are 
found in warm regions, inhabiting fresh or brackish waters, 
undergoes a vast development in the Eocene period, where it 
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is represented by an immense number of specific fonns, some 
of which attain very large dimensions. In the Eocene strata 
of the Paris basin alone, nearly one hundred 
and fifty species of this genus have been 
detected. The more strictly fresh- water 
deposits of the Eocene period have also 
yielded numerous remains of Univalves such 
as are now proper to rivers and lakes, to- 
gether with the shells of true Land-snaili 
Amongst these may be mentioned numerous 
species of Limima (fig. 2iQ),Physa (fig. 2i\). 
Melanin, Paludina, Plamrbii, Hdix, Buli- 
vius, and Cydosioma {fig. aza). 

With regard to the Cephalopods, the chief 
point to be noticed is, that all the beautiful 
and complex forms which peculiarly char- 
acterised the Cretaceous period have here 
disappeared. We no longer meet with a 
""^ single example of the Turrilite, the Baculite, 

the Hamite, the Scaphite, or (he Ammonite. The only n- 
ception to this statement is the occurrence of one species 




»^\,il%7Ji"'t. 



k 



4 



of Ammonite in the so-called " Lignitic Formation " of Norl ^ 
America ; but the beds containing this may possibly be rath^^ 
referable to the Cretaceous — and this exception does nc^ 
affect the fact that the Ammonitida, as a family, had b^^ 
come extinct before the Eocene strata were deposited. Th ^ 
ancient genus Nautilus still survives, the sole representative v* 
the once mighty order of the Tetrabranchiate Cephalopod*- 
In the order of the DUwanchiatfs, we have a like phenomenon 
to observe in the total extinction of the great family of the 
" Belemnites." No form referable to this group has hitherto i 
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[ .been found in any Tertiary stratum; but the internal skeletons 
■ of Cuttle-fishes (such as Belosepia) are not unknown. 

Remains of Fishes are very abundant in strata of Eocene 
J. age, especially in certain localities. The most famous depot 
I for the fossil fishes of this period is the limestone of Monte 
] Boica, near Verona, which is interstratified with beds ofvol- 
c ishes the whole bemg referable to the Middle Eocene 
[ The fishes here seem to have been suddenly destrojed by a 
1 volcanic eruption and are found in vast numbers Agassiz 
[ has described over one hundred and thirty species of tishes 
I from this locaht) belonging, to seventy seven genera W\ 
IJhe sfecus are extinct but about one half of the genera are 
mted hy living forms. The great uajon^ of the 



■ Eocene Fishes belong to the order of the "Bony Fishes" 
L (Teleosteans), so that in the main the forms of Fishes charac- 
terising the Eocene are similar to those which predominate 
in existing seas. In addition to the above, a few Ganoids and 
a lai^ge number of Placoids are known to occur in the Eocene 
rocks. Amongst the latter are found numerous teeth of true 
Sharks, such as Otodus (fig. 224) and Carcharodon. The 
pointed and serrated teeth of the latter sometimes attain a 
klength of over half a foot, indicating that these predaceous 
bfishes attained gigantic dimensions; and it is interesting to 
note that teeth, in external appearance very similar to those 
of the early Tertiary genus Carcharodon, have been dredged 
from great depths during the recent expedition of the Chal- 
lenger. Tiiere alao occur not uncommonly the flattened 
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teeth of Rays (fig. 225), consisting of flat bony pieces placed 
close together, and forming " a. kind of mosaic pavement on 
both the upper and lower jaws " (Owen), 

In the class of the Jiijitiles, the disappearance of the char- 





acteristic Mesozoic types is as marked a phenomenon as the 
introduction of new foiTns. The Ichthyosaurs, the Plesio- 
saurs, the Pterosaurs, and the Mosasaurs of the Mesoioic, 
find no representatives in the Eocene Tertiary ; and the same 
is true of the Deinosaurs, if we except a few remains fromllie 
doubtfully-situated " Lignitic formation " of the United Slal» 
On the other hand, all the modem orders of Reptiles afe 
known to have existed during the Eocene period. The 
Ckelonians are represented by true mariue Turtles, by "Ter- 
rapins" {Emyiiidte), and by "Soft Tortoises" {Trionydila)- 
The order of the Snakes and Serpents (Ophidia) makes its 
appearance here for the first time under several forms— all w 
which, however, are referable to the non-venomons gronpof 
the " Constricting Serpents " (Boidm). The oldest of these 
is the Palm}phis ioliapkus of the London Clay of Sheppey, 
first made known to science by the researches of ProfessM 
Owen. The nearly-alHed Palaophis typhaiis of the Eocene 
beds of Bracklesham appears to have been a Boa-constrictor- 
like Snake of about twenty feet in length. Similar Python* 
like Snakes {PaltEofhts, Dtnophis, &c.) have been described 
from the Eocene deposits of the United States. True Lizards 
(Lat€rtilia>is) are found in some abundance in the Eocene 
deposits, — some being small terrestrial forms, like the cotmBon 
European lizards of the present day; whilst others equal "f 
exceed the living Monitors in size. Lastly, the modem order 
of the Crocodilia is largely represented in Eocene times, bf 
species belonging to all the existing genera, together widi 
others referable to extinct types. As pointed out by Owen, 
it is an interesting fact that in the Eocene rocks of the sontll* 
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frest of England, there occur fossil remains of all the three 
fving types of C roco d il i an s ^namely, the Gavials, the true 
iiiocodiles, and the Alligators (tig. 226) — though at the 



Fig. 







present day these forms are all geographically restricted in 
their range, and are never associated together. 

Almost all the existing orders of Birds, if not all, are 
represented in the Eocene deposits by remains often very 
closely allied to existing types. Thus, amongst the Swimming 
Birds {Naiatores) we find examples of forms aUied to the 
living Pelicans and Mergansers; amongst the Waders (Gral- 
latsres) we have birds resembling the Ibis {the Nuinenius 
^psoTum of the Paris basin) ; amongst the Running Birds 
^Cursores) we meet with the great Gastm-nis Parisiensis, which 
equalled the African Ostrich in height, and the still more 
gigantic Dasorjiis Lond'mensis ; remains of a Partridge rep- 

esent the Scratching Birds {Rasores) ; the American Eocene 

las yielded the bones of one of the Chmbing Birds {&an- 
p»ra), apparently referable to the Woodpeckers ; the Protornis 
Giarisiensis of the Eocene Schists of Claris is the oldest 
known example of the Perching Birds (/nsessores) ; and the 
Birds of Prey {Rafilores) are reiiresented by Vultures, Owls, 
and Hawks. The toothed Birds of the Upper Cretaceous 
I are no longer known to exist ; but Professor Owen has 

ecently described from the London Clay the skull of a very 

markable Bird, in which there is, at any rate, an approxi- 

Ination to the structure of Ichthyomis and Hesperornis. The ■ 

" " i in question has been named the Odontopteryx toliapicus, 

S generic title being derived from the very remarkable char- 
^ of its jaws. In this singular form (fig. 227) the mai^ins 
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of both jaws are mrnished with tooth-like den ti dilations, which ' 
differ from tnie teetli in being actually portions of the bom- 




substance of the jaw itself, with which they are conlinuous. 
and which were probably encased by extensions of the honiy 
sheath of the bill. These tooth - like processes are of t»'0 
sizes, the larger ones being comparable to canines ; and they 
are all directed forwards, and have a triangular or compresseii 
conical form. From a carefiil consideration of all the dis- 
covered remains of this bird. Professor Owen concludes thai 
" Odoniopteryx was a warm-blooded feathered biped, mil' 
wings ; and further, that it was web-footed and a fish-eater, 
and that in the catching of its slippery prey it was assisted !>? 
this Pterosauroid armature of its jaws." Upon the whole, 
Odoniopteryx would appear to be most nearly related to itie 
family of the Geese (Anserinte) or Ducks {Analida) ; but ibe 
extension of the bony substance of the jaws into tooth-lite 
processes is an entirely unique character, in which it stands 
qyile alone. 

The known Mammals of the Mesozoic period, as we have 
seen, are all of small size ; and with one not unequivoca! 
exception, they appear to be referable to the order of ihc 
Pouched Quadrupeds {Marsupials), almost the lowest group 
of the whole class of the Mammalia. In tlie Eocene iwis, 
on the other hand, numerous remains of Quadrupeds hsve 
been brought to light, representing most of the great Mam- 
malian orders row in existence upon the earth, and in mitiy 
cases indicating animals of very considerable dimensions. We 
are, in fact, in a position to assert that the majority of the 
great groups of Quadrupeds with whicli we are familiar at ih* 
present day were already in existence in the Eocene period, 
and that their ancient root-stocks were even in this early time 
separated by most of the fundamental differences of structure 



I 



THE EOCENE PERIOD. 



299 

which distinguish their living representatives. At the same 
time, there are some amongst the Eocene quadrupeds which 
have a " generalised " character, and wliich may be regarded 
as structural types standing midway between groups now 
sharply separated from one another. 

The order of the Marsupials — including the existing Kan- 
garoos, Wombats, Opossums, Phalangers, &c. — is poorly 
represented in deposits of Eocene age. The most celebrated 
example of this group is the Didelphys gypsorum of the 
Gypseous beds of Montmartce, near Paris, an Opossum very 
nearly allied to the living Opossums of North and South 
America. 

No member of the Edetitaies (Sloths, Ant-eaters, and Arma- 
dillos) has hitherto been detected in any Eocene deposit. 
The aquatic order of the Sirenians (Dugongs and Manatees), 
with their fish-like bodies and fails, paddle- shaped fore- 
limbs, and wholly deficient hind-limbs, are represented in 
strata of this age by remains of the ancient " Sea-Cows," io 
which the name of Halitherium has been applied. Nearly 
allied to the preceding is the hkewise aquatic order of the 
Whales and Dolphins (^Cetaceans), in which the body is also 
fish-like, the hind-limbs are wanting, the fore-limbs are con- 
verted into powerful "flippers" or swimming-paddles, and 
the terminal extremity of the body is furnished with a 
horizontal tail-fin. Many existing Cetaceans (such as the 
Whalebone Whales) have no true teeth ; but others (Dol- 
phins, Porpoises, Sperm Whales) possess simple conical teeth. 
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which the teeth differed from those of all exisring forms in 
being of two kinds, — the front ones beiog conical incisoTS, 
whilst the back teeth or molars have serrated triangular 
crowns, and are inserted in tlie jaw by two roots. Each 
molar (fig. 228, A) looks as if it were composed of two 
separate teeth united on one side by their crowns; and it is 
this peculiarity which is expressed by the generic name (Gr. 
setigie, a yoke; odous, tooth). The best-known species of 
the genus is the Zetiglodgn cftoides of Owen, which attained 
a length of seventy feet- Remains of these gigantic Wliales 
are very common in the "Jackson Beds" of the Somhem 
United States. So common are they that, according to Dana, 
" the large vertebne, some of them a foot and a half long and 
a foot in diameter, were formerly so abundant over the 
country, in Alabama, that they were used for making walls, or 
were burned to rid the fields of them," 

The great and important order of the Hoofed Quadrupeds 
( Ungulaia) is represented in the Eocene by examples of bolh 
ol its two principal sections — namely, those with an uneven 
number of toes (one or three) on the foot {Perissodadyk Vnp- 
lates), and those with an even number of toes (two or four) M 
each foot (Artimiactyk Ungidaics). Amongst the Odd-toed 
Ungulates, the living family of the Tapirs {Tapiridii) is repre- 
sented by the genus Coryphodon of Owen. Nearly related to 
the preceding are the species of Pal/xoiherium, which have 
a historical interest as being amongst the first of the Tertiiiy 
Mammals investigated by the illustrious Cuvier. Several 
species of Palaotkere are known, varying greatly in size, the 
smallest being little bigger than a hare, whilst the largest mu-^t 
have equalled a good-sized horse in its dimensions. The 
species of Palteotherium appear to have agreed with the 
existing Tapirs in possessing a lengthened and flexible nosft 
which formed a short proboscis or trunk (fig. 229), suitable as 
an instrument for stripping off the foliage of trees— the char- 
acters of the molar teeth showing them to have been strictly 
herbivorous in their habits. They differ, however, from the 
Tapirs, amongst other characters, in the fact that both the 
fore and the hind feet possessed three toes each ; whereas in 
the latter there are four toes on each fore-foot, and the hind- 
feet alone are three-toed. The remains o'i Pala'Oi/itria)\sx^ 
been found in such abundance in certain localities as to sho* 
that these animals roamed in great herds over the fertile plains 
of France and the south of England during the later portion 
of the Eocene period. The accompanying illustration (fig- 
229) represents the notion which the great Cuvier was inducsdi. 
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i researclies to form as to the outward appearance of 
^aofherium magnum. Recent discoveries, however, liave 




tndered it probable that this restoration is in some important 
tspects inaccurate. Instead of being bulky, massive, and 
bore or less resembling the living Tapirs in form, it would rather 
ppear that Paiaolherium magnum was in reality a slender, 
raceful, and long-necked animal, more closely resembling in 
^neral figure a Llama, or certain of the Antelopes. 

The singular genus Anchitherium forms a kind of transition 
ttween the Palaotlteria and tlie true Horses {Equida). The 
lorse (fig. 230, D) possesses but one fully-developed toe to 
Ml foot, this being terminated by a single broad hoof, and 
Spresenting the middU toe — the third of the typical five- 
;ered or five-toed limb of Quadrupeds in general. In 
lition, however, to this fully-developed toe, each foot in 
horse carries two rudimentary toes which are concealed 
ath the skin, and are known as the "splint-bones." 
-je are respectively the second and fourth toes, in an 
Knted condition ; and the first and fifth toes are wholly 
biting. In Hipparion (fig. 230, C), the foot is essentially 
tr that of the modern Horses, except that the second and 
toth toes no longer are mere "splint-bones," hidden be- 
■ath the skin ; but have now little hoofs, and hang freely. 
It uselessly, by the side of the vreat middle toe, not being 
fficiently developed to reach the ground. In Anchitlurium^ 
»in (fig. 330, 1!), the foot is three-toed, like that o^ Bifparimt; 
It the two lateral toes (the second and fourth) are so far 
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developed that they now reach the ground. The first digit 
(thumb or great toe) is still wanting ; as also is ^^ fifth ''■"' 




the numbcn of ihc dJ(iB in iIk 



typical fivfi-fingticd haod of M 



(little linger or little toe). Lastly, the Eocene rocks hove 
yielded in North America the remains of a small Equine 
quadruped, to which Majsh has given the name of OrohipfUi- 
In this singular form — which was not larger than a fox— the 
foot (fig. 230, A) carries _^«r toes, all of which are hoofed and 
touch the ground, but of which the Ihird toe is still the laigest, 
"Vhefirsl toe (thumb or great toe) is still wanting ; but la this 
ancient representative of the Horses, t\ie. fifth or "little" IM 
appears for the first time. As all the above-mentioned fomS 
succeed one another in point of time, it may be regarded as 
probable that we shall yet be able to point, with some cer- 
tainty, to sotne still older example of the Eguidcs, in -whidi 
the first digit is developed, and the foot assumes its typic*! 
five-fingered condition. 

Passing on to the Even-toed or Artiodactyle Ungulates, Dfl 
representative of the Hippotamus seems yet to have existed, 
but there are several forms {CAtEropolamus, Jiyepolamus, &c.) 
more or less closely allied to the Pigs {Suida) ; and the 
singular group of the Anopiotheridm may be regarded as form- 
ing a kind of transition between the Swine and the RuminanU 
The Afwplotkeria (fig. 231) were slender in form, the largest 
not exceeding a donkey in size, with long tails, and having the 
feet terminated by two hoofed toes each, sometimes with l 
pair of small accessory hoofs as well. The teeth exhibit tk 
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peculiarity that they are arranged in a continuous series, with- 
I outanygapor interval between the molars and the canines; and 



the back teeth, like those of all the Ungulates, are adapted for 
grinding vegetable food, their crowns resembling in form those 
of the true Ruminants. The genera Dichobune and Xiphodon, 
of the Middle and Upper Eocene, are closely related to 
Anophflurium, but are more slender and deer-like in form. 
No example of the great Ruminant group of the Ungulate 
Quadrupeds has as yet been detected in dej)Osits of Eocene 
age. 

Whilst true Ruminants appear to be unknown, the Eocene 
strata of North America have yielded to the researcJies of 
Professor Marsh examples of an extraordinary group {Dttw- 
ceratd), which may be considered as in some respects inter- 
mediate between the Ungulates and the Proboscideans, In 
Dinociras itself (iig. 232) we have a large animal, equal in 
dimensions to the living Elephants, which it further resembles 
in the structure of the massive limbs, except that there are 
only four toes to each foot. The upper jaw was devoid of 
front teeth, but there were two very large canine teeth, in the 
form of tusks directed perpendicidarly downwards ; and there 
was also a series of six small molars on each. Eacli upper 
jaw-bone carried a bony projection, which was probably of the 
nature of a "horn-core," and was originally sheathed in horn. 
Two similar, but smaller, hom-cores are carried on the nasal 
bones ; and two much larger projections, also probably of the 
nature of horn-cores, were carried upon the foreliead. We 
may thus infer that Dinoceras possessed three pairs of horns, 
all of which resembled the horns of the Sheep and Oxen in 
consisting of a central bony " core," surrounded by a horny 
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shealli. The nose was not prolonged into a proboscis or 
" trunk," as in the existing Elephants ; and the tail was short 



<AfKr^5^.r 



Qrth Ajmmc^^^n 



and slender. Many forms of the Dinoctrata are known ; but all 
these singular and gigantic quadrupeds appear to have been 
confined to the North American continent, and to be restricted 
to the Eocene period. 

The important order of the Elephants {Proboscidta) is also 
not known to have corile into existence during the Eocene 
period. On the other hand, the great order of the Beasts of 
Prey {Camivora) is represented in Eocene strata by several 
forms belonging to different types. Thus the Arciocyon pre- 
sents us with an Eocene Carnivore more or less closely allied 
to the existing Racoons ; the Palaonyctis appears to be related 
to the recent Civet-cats; the genus Hyanodon is in some 
respects comparable to the living Hysenas ; and the Cams 
Parisiensis of the gypsum-bearing beds of Monlmartre tnay 
perhaps be allied to the Foxes. 

The order of the Bats {Cheiroptera) is represented in Eocene 
strata of the Paris basin (Gypseous series of Montmartre) by 
the VespertUio Parisiensis (fig. 233), an insect-eating Bat very 
similar to some of the existing European forms. Lastly, the 
Eocene deposits have yielded more or less satisfacto^' 
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dence of tlie existence in Europe at this period of examples of 
the orders of the Gnawing Mammals {Rodm/ia), the Insect- 




Beating Mammals {Inseclivora), anrl the Monkeys [Quadrti- 



CHAPTER XIX. 
THE MIOCENE PERIOD. 

The Miocene rocks comprise those Tertiary deposits which 
■contain less than about 35 per cent of existing species of shells 
{Mollusca), and more than 5 per cent — or those deposits in 
■which the proportion of living shells is less than of extinct 
species. They are divisible into a Lower Miocme {Oli^cne) 
and an Upper Miocene series. 

In Britain, the Miocene rocks are very poorly developed, 
one of their leading developments being at Bovey Tracy in 
Devonshire, where there occur sands, clays, and beds of lignite 

short list of the more fmportant works relating to the Eocene 
\ Mcks and fossils nill be given after all the Tertiary deposits Iiave been 
nied of. 
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or imperfect coal. These strata contain nuinerous plants, 
amongst which are Vines, Figs, the Cinnamon-tree, Palms, 
and many Conifers, especially those belonging to the genus 
Sequoia (the "Red-woods"). These Bovey Tracy lignites are 
of Lower Miocene age, and they are lacustrine in origin. Also 
of Lower Miocene age are the so-calied " Hempstead Beds" 
of Yarmoutli in the Isle of Wight. These attain a thickness of 
less than zoo feet, and are shown by their numerous fossils to 
be principally a true marine formation. Lastly, the Duke of 
Argyll, in 1851, showed that there existed at Ardtun, in the 
island of Mull, certain Tertiary strata containing numerous 
remains of plants ; and these also are now regarded as belong- 
ing to the Lower Miocene. 

In Fratue, the Lower Miocene is represented in Auvei^tie, 
Cantai, and Velay, by a great thickness of nearly horizontal 
strata of sands, sandstone, clays, marls, and limestones, the 
whole of fresh-water origin. The principal fossils of these 
lacustrine deposits are Mammalia, of which the remains occur 
in great abundance. In the valley of the Loire occur the 
typical European deposits of Upper Miocene age. These are 
known as the " Faluns," from a provincial term applied to 
shelly sands, employed to spread upon soils which ate deficient 
in lime ; and the Upper Miocene is hence sometimes spoken 
of as the " Falunian " formation. The Faluns occur in scat- 
tered patches, which are rarely more than 50 feet in thickness, 
and consist of sands and marls. The fossils are chiefly marine; 
but there occur also land and fresh-water shells, together with 
the remains of numerous Mammals. About 25 per cent of the 
shells of the Faluns are identical with existing species. The 
sands, limestones, and marls of the Department of Gers, near 
the base of the Pyrenees, rendered famous by the number m 
Mammalian remains exhumed from them by M. Lartet, also 
belong to the age of the Faluns. 

In Sioitztrland, between the Alps and the Jura, there occnts 
a great series of Miocene deposits, known collectively as the 
" Molasse," from the soft nature of a greenish sandstone. 
which constitutes one of its chief members. It attains a thick- 
ness of many thousands of feet, and rises into lofty mountain* 
some of which — as the Rigi— are more than 6000 feet in 
height. The middle portion of the Molasse is of msnnc 
origin, and is shown by its fossils to be of the age of the 
Faluns ; but the lower and upper portions of the formation 
are mainly or entirely of fresh-water origin. The Lowet 
Molasse (of Lower Miocene age) has yielded about 500 species 
of plants, mostly of tropical or sub-tropical forms. The UppO 
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LUoUsse has yielded about the same number of plants, with 

fcbout 900 species of Insects, such as wood-eating Beetles 

Wyater-be etles, White Ants, Dragon-flies, &c. 

P In Belgium, strata of both Lower and Upper Miocene age 

are known, — tlie iorxntr {Rupdian Clays) containing numerous 

marine fossils ; whilst the latter (Belderberg Sands) have 

yielded Dumerous shells corresponding with those of the 

Faluns. 

1 Austria, Miocene strata are largely developed, marine 

t beds belonging to both the Lower and Upper division of the 

I formation occurring extensively in the Vienna basin, The 

Jwell-known Brown Coals of Radaboj, in Croatia, with numer- 

s plants and insects, are also of Lower Miocene age. 

In Germany, deposits belonging to both the Lower and 

Upper division of the Miocene formation are extensively de- 

Bveloped. To the former belong the marine strata of the May- 

■ence basin, and the marine Rupelian Clay near Berlin ; whilst 

l« celebrated group of strata belonging lo the Upper Miocene 

y occurs near Epplesheim, in Hesse- Darmstadt, and is well 

known for the number of its Mammalian remains. 

In Greeee, at Pikerra^, near Athens, there occurs a celebrated 
deposit of Upper Miocene age, well known ti) paleontologists 
through the researches of M.M. Wagner, Roth, and Gaudry 
ipon the numerous Mammalia which it contains. In Italy, 
Iso, strata of both Lower and Upper Miocene age are well 
(ideveloped in the neighbourhood of Turin. 

In the Siw&lik Hills, in India, at tlie southern foot of the 
, occurs a series of Upper Miocene strata, which 
I have become widely celebrated through the researches of Dr 
1 Falconer and Sir Proby Cautley upon the numerous remains 
I of Mammals and Reptiles which they contain. Beds of corre- 
r Bponding age, with similar fossils, are known to occur in the 
I Island ofPerim in the Gulf of Cambay- 

Lastly, Miocene deposits are found in North America, in 
New Jersey, Maryland, Virginia, Missouri, California, Oregon, 
&€., attaining a thickness of 1500 feet or more. They consist 
principally of days, sands, and sandstones, sometimes of 
larine and sometimes of fresh- water origm. Near Richmond, 
a Virginia, there occurs a remarkable stratum, wrongly called 
Plnfusorial Earth," which is occasionally ^o feet in thickness, 
lad consists almost wholly of the siliceous envelopes of cer- 
n low forms of plants (Diatoms), along with the spicules of 
Lud other siliceous organisms (see fig. 16). The 
'e River Group of Hayden occurs in the Upper Missouri 
gion, and is largely exposed over the barren and desolate 
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district known as the " Mauvaises Terres." They have a 
thickness of looo feet or more, and contain numerous remains 
of Mammals, They are of lacustrine origin, and are believed 
to be of the age of the Lower Miocene. Upon the whole, 
about froKi 15 to 30 per cent of the Mollusca of the American 
Miocene are identical with existing species. 

In addition to the regions previously enumerated, Miocene 
strata are known to be developed in Greenland, Iceland, SJiits- 
bergen, and in other areas of less importance. 

The life of the Miocene period is extremely abundant, and, 
from the -nature of the deposits of this age, also extremely 
varied in its character. The marine beds of the fotination 
have yielded numerous remains of both Vertebrate and Inver- 
tebrate sea-animals ; whilst the fresh-water deposits contain 
the skeletons of such shells, fishes, &c, as now inhabit rivers 
or lakes. Both the marine and the lacustrine beds have been 
shown to contain an enormous number of plants, the latiet 
more particularly ; whilst the Brown Coals of the forminon 
are made up of vegetable matter little altered from its original 
condition. The remains of air-breathing animals, such as 
Insects, Reptiles, Birds, and Mammals, are also abundantly 
found, more especially in the fresh-water beds. 

The plants of the Miocene period are extraordinarily num- 
erous, and only some of the genera! features of the vegetation of 
this epoch can be indicated here. Our chief sources of infonna- 
tion as to the Miocene plants are the Brown Coals of Gennany 
and Austria, the Lower and Upper Molasse of Switzeriindi 
and the Miocene strata of the Arctic regions. The lignites of '| 
Austria have yielded very numerous plants, chiefly of a tropical ; 
character — one of the most noticeable forms being a Palm 01 
the genus Saial (fig. 234, B), now found in America. Tb^ 
plants of the Lower Miocene of Switzerland are also mostly 
of a- tropical character, but include several forms now fount* 
in North America, such as a Tulip-tree (lAriodendron) and * 
Cypress {Ta:codium). Amongst the more remarkable fonH^ 
from these beds may be mentioned Fan-Palms {Chamare^^' 
fig. 234, A), numerous tropical ferns, and two species of Ci<»' 
namon. The plant-remains of the Upper Molasse of Swiliei" 
land indicate an extraordinarily rank and luxuriant v^etatiof. 
composed mainly of plants which now live in warm counlrie* 
Among the commoner plants of this formation may be enunte- | 
rated many species of Maple (Acer), Plane-trees {PlalanVi J 
fig- *3S)> Cinnamon -trees (fig. 236), and other members of the I 
Lauracem, many species of Proteacets {Banksia, Grej'illea,kQ-\ I 
several species of Sarsaparilla (Smi/ax), Palms, Cypresses ° ' 
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. In Britain, the Lower Miocene strata of Bovey Tiacy have 
ielded femaios of Ferns, Vines, Fig, Cinnamon, Froteacea, 



\ Ml J, 



;c, along with numerous Conifers. The most abundant of 
Bieselast is a gigantic pine— the Sequoia Couttsia — which is 




Fig. 934- — MiocCTie Palms 
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iiy nearly allied to the huge Sequoia (JVellingtonia) giganiea 
California. A nearly-allied fomi [Sequoia Langsiiorffi) has 
len detected in the leaf-bed of Ardtun, in the Hebrides. 
In Greenland, as well as in other parts of the Arctic regions, 
iocene strata have been discovered which have yielded a 
Eat number of plants, many of which are identical with 
Ecies found in the European Miocene. Amongst these 
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plants are fouod many trees, such as Conifers, Beeches, Oaks, 
Maples, Plane-trees, Walnuts, Magnolias, &c,, with numerous 
shrubs, ferns, and other smaller plants. With regard to the 
Miocene flora of the Arctic regions, Sir Charles Lyell remarks 
thai "more than thirty species of Coniferfe have been found, 
including several Sequoias (allied to the gigantic Wellingtonia 
of California), with species of Thujopsis and Salisbun'a, now 
peculiar to Japan. There are also beeches, oaks, planes, 
poplars, maples, wahiuts, limes, and even a magnolia, two 
cones of which have recently been obtained, proi-iiig that 
this splendid evergreen not only lived but ripened its fruit 
within the Arctic circle. Many of the limes, planes, and 
oaks were large-leaved species ; and both flowers and fruits, 
besides immense quantities of leaves, are in many cases pre- 
served. Among the shrubs are many evergreens, as Andro- 
meda, and two extinct genera, Daphnegene and M' CUnlockia, 
with fine leathery leaves, together with hazel, blackthorn, 
holly, logwood, and hawthorn. A species of Zamia {Zamttes) 
grew in the swamps, with Potamogdon, Sparganium, and 
Menyanthes; while ivy and vines twined around the forest- 
trees, and broad-leaved ferns grew beneath their shade. Even 
in Spitsbergen, as far north as lat. 78° 56', no less than ninety- 
five species of fossil plants have been obtained, including 
Taxodium of two species, hazel, poplar, alder, beech, plane- 
tree, and lime. Such a vigorous growth of trees within 12° of 
the pole, where now a dwarf willow and a few herbaceous 
plants form the only vegetation, and where the ground is 
covered with almost perpetual snow and ice, is truly remark- 
able." 

Taking the Miocene flora as a whole, Dr Heer concludes 
from his study of about 3000 plants contained in the Euro- 
pean Miocene alone, that the Miocene plants indicate tropical 
or sub-tropical conditions, but that there is a striking inter- 
mixture of forms which are at present found in countries 
widely removed from one another. It is impossible to state 
with certainty how many of the Miocene plants belong to 
existiiig species, bnt it appears that the larger number are 
extinct. According to Heer, the American types of plants 
are most largely represented in ihe Miocene flora, next those 
of Europe and Asia, next those of Africa, and lastly those of 
Avtstralia, Upon the whole, however, the Miocene flora of 
Europe is mostly nearly allied to the plants which we now 
find inhabiting the warmer parts of the United States; and 
this has led to the suggestion that in Miocene times the 
Atlantic Ocean was dry land, and that a migration of Ameri- 
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1 plants to Europe was thus permitted. This view is borne 
out by the fact that the Miocene plants of Europe are most 
pearly allied to the living plants of the eastern or Atlantic 
seaboard of the United States, and also by the occurrence of 
t rich Miocene flora in Greenland, As regards Greenland, 
Dr Heer has determined that the Miocene plants indicate a 
(temperate climate in that country, with a mean annua! tem- 
perature at least 30° warmer than it is at present. 

The present limit of trees is the isothermal which gives the 
tnean temperature of 50° Fahr. in July, or about the parallel 
of 67" N. latitude. In Miocene limes, however, the Limes, 
Cypresses, and Plane-trees reach the 79lh degree of latitude, 
sod the Pines and Poplars must have ranged even further 
fiorth than this. 

The Invertebrate Atiimah of the Miocene period are very 
numerous, but they belong for the most part to existing types, 
Imd they can only receive scanty consideration here. The 
|Kttle shells of Foramini/era &rz extremely .abnn dan t in some 
beds, the genera being in many cases such as now flourish 
Abundantly in our seas. The principal forms belong to the 
^^^ Textiilaria (fig. 237), RohiiUna, Glandvlina, Poly- 

^otnella, Amphistegina, &c. 
'Corals are very abundant, 
in many instances forming 
regular " reefs ;" but all the 
more important groups are 
in existence at the present 
il^ay. The Red Coral (Cor- 
allium), so largely sought 
iftfteras an ornamental ma- 
flerial, appears for the first 
;time in deposits of this age. 
st the Echinoderms, 
'■we meet with Heart-Urchins {Spatangus), Cake-Urchins 
(Scutella, fig. 238), and various other forms, the majority of 
which are closely allied to forms now in existence, 

Nmnerous Crabs and Lobsters represent the Crustacea; but 
the most important of the Miocene Articulate Animals are the 
Jnsa^s. Of these, more than thirteen hundred species have 
been determined by Dr Heer from the Miocene strata of 
Switzerland alone. They include almost all the existing 
'Orders of insects, such as numerous and varied forms of 
Beetles (Coleoptera), Forest-bugs (Hemiptera), Ants {Hymen- 
jbptera). Flies ( Z't>^^fl ), Tennites and Dragon -flies {Neurop- 

■a). Grasshoppers {flrfhopiera)^ and Butterflies {Lepidqptera). 
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One of the latter, tlic well-known Vanessa Pluto of the Brown 
Coals of Croatia, even exhibits the pattern of the wing, and V 



/^^Bh. 




some extent its original coloration ; whilst the more durably- 
constructed iasects are often in a state of exquisite preser- 

The M:?ilusca of the Miocene period are very numerous, 
but call for littlq special comraenL Upon the whole, they are 
genericaUy very similar to the Shell-tish of the present day; 
whilst, as before stated, from fifteen to thirty per cent of the 
species are identical with those now in existence. So far as the 
European area is concerned, the Molluscs indicate a decidedly 
hotter climate than the present one, though they have not such 
a distinctly tropical character as is the case with the Eocene 
shells. Thus we meet with many Cones, Volutes, Cowries, 
Olive-shells, Fig-shells, and the like, which are decidedly 
indicative of a high temperature of the sea. Polyzoans are 
abundant, and often attain considerable dimensions; whilst 
Brackiopods, on the other hand, are few in number. Bivahes 
and Diiivah'es are extremely plentiful ; and we meet here with 
the shells of Winged -Snails {PUropods), belonging to such 
existing genera as Hyaka (fig. 239) and Cliodora. Lastly, 
the Cephahpods 3j:t represent- 
ed both by the chambered 
shells of Nautili and by the 
internal skeletons of Cuttle- 
fishes {Spirulirostra.) 

The PisAes of the Miocene 
period are very abundant, but 
of little special importance. 
Besides the remains of Bony Fishes, we meet in the marine 
deposits of this age with numerous pointed teeth belonging 
to different kinds of Sharks. Some of the genera of these — 
such as Carcliarodon (fig. 241), Oxyrhina (fig. 240), Lamna, 
a.nd Galeocerdo—si^ very widely distributed, ranging through 
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toth ihe Old and New Worlds ; and some of the species attain 
^antic dimensions. 
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Amongst the Amphibians we meet witli distinctly modern 
ypes, such as Frogs {Raiia) 
»nd Newts or Salamanders. 
The most celebrated of the 
latter is the i3.mo\\s Awirias 
Scheuchzeri (fig. 141), dis- 
covered in the year 1725 
e fresh-water Miocene 
deposits of CEningen, in 
Switzerland. The skeleton 
indicates an animal nearly 
five feet in length ; and it 
Was originally described by 
^^cheuchzer, a Swiss physi- 

ian, in a dissertation published in 1731,35 the remains of one 
' the human beings who were in existence at the time of the 
loachian Deluge. Hence he applied to it the name of Hotno 
'f^uvii testis. In reality, however, as shown by Cuvier, we 
ave here the skeleton of a huge Newt, very closely allied to 
ae Giant Salamander (Matopoma maxima) of Java. 

The remains of Reptiles are far from uncommon in the 
Siocene rocks, consisting principally of Chelonians and Cro- 
pdilians. The Land- tortoises {Testudinida) make their first 
ppearance during this period. The most remarkable form 
f this group is the huge Colossochelys Atlas of the Upper 
tiocene deposits of the Siwilik Hills in India, described by 
^r- Falconer and Sir Proby Cautley. Far exceeding any 
*ing Tortoise in its dimensions, this enormous animal is 
Siimated as having had a length of about twenty feet, measured 
'*"om the tip of the snout to the extremity of the tail, and to 
•^a^e stood upwards of seven feet high. All the details of its 
^'"ganisation, however, prove that it must have been " strictly 
* land animal, with herbivorous habits, and probably of the 
y^Jost inoffensive nature." The accomplished palteontologist 
3>ist quoted, shows further that some of the traditions of the 
_^indoos would render it not improbable that this colossal 
yortoise had survived into the earlier portion of the human 
«riod. 
Of the Biriis of the Miocene period it is sufiicient to re- 
_*iark that though specifically distinct, they belong, so far as 
l^nown, wholly to existing groups, and therefore present no 
\ pdnts of special palieontolgical interest. 

■J^ Matit»taJs of the Miocene are very numerous, and only 
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tlie more important forms can be liere alluded to. Amongst 
the Marsupials, the Old World still continued to possess 
species of Opossum {Didephys), allied to (lie -existing American 
forms. The Edentales (Sloths, Armadillos, and Ant-eaters), at 
the present tlay mainly South American, are represented by 
two large European forms. One of these is the large Macro- 
thtrium gigantaim of the Upper Miocene of Gers in Southern 
France, which appears to have been in many respects allied to 
ihe existing Scaly Ant-eaters or Pangolins, at the same time 
lliat tile disproportionately long fore-limbs would indicate that 
it possessed the climbing habits of the Sloihs. The other Is 
Ihe still more gigantic Ancylotherium Paildici of the Upper 
-Miocene of Pikerm^, which seems to have been as large as, or 
isrger than, the Rhinoceros, and which must have been terres- 
lial in its habits. This conclusion is further borne out by the 
fonaparative equality of length which subsists between the fore 
2nd hind Jimbs, and is not afl'ected by ihe curvature and 
l^rookedness of the claws, this latter feature being well marked 
11 such existing terrestrial Edentates as the Great Ant-eater. 

The aquatic Sirenians and Cetaceans are represented in 
Miocene times by various forms of no special importance. 
■A-tnongst the former, the previously existing genus Halitiierium 
•continued to survive, and amongst the latter we meet with 
remains of Dolphins and of Whales of the "Zeugtodont" 
fe-mily. We may also note here the first appearance of true 
'_ Whalebone Whales," two species of which, resembling the 
living "Right Whale " of Arctic seas, and belonging to the 
satme genus {Bafmna), have been detected in the Miocene 
lieds of North America. 

Tlie great order of the Ungulates or Hoofed Quadmpeds is 
^ery largely developed in strata of Miocene age, various new 
types of this group making their appearance here for the first 
I'tne, whilst some of the characteristic genera of the preceding 
period are still represented under new shapes. Amongst the 
Odd-toed or " Perissodactyle " Ungulates, we meet for the first 
5'rne with representatives of the family Rhiiwcerida compris- 
ing only the existing Rhinoceroses. In India in the Upper 
Miocene beds of the Siwalik Hills, and in North America, 
''Several species of Rhinoceros have been detected, agreeing with 
tOe existing forms in possessing three toes to each foot, and in 
■laving one or two solid fibrous "horns" carried upon the front 
of Ihe head. On the other hand, the forms of this group which 
distinguish the Miocene deposits of Europe appear to have 
lieen for the most part hornless, and to have resembled the 
TftlHrs in having three-toed hind-feet, but four-toed fore-feet 
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The fa.mily of the Tapirs is represented, both in the Old 
and New Worlds, by species of the genus Lophiodon, Eome of 
which were quite diminutive in point of size, whilst others 
attained the dimensions of a horse. Nearly allied to this 
family, also, is the singular group of quadrupeds whicli Marsh 
has described from the Miocene strata of the United States 
under the name of Brontotheriilee. These extraordinary ani- 
mals, typified by Brontoiherium (fig, 243) itself, agree with the 




existing Tapirs of South America and the Indian Archipelago 
in having the fore-feet four-toed, whilst the hind-feet are three- 
toed ; and a further point of resemblance is found in the tact 
(as shown by the form of the nasal bones) that the nose was 
long and flexible, forming a short movable proboscis or tnmk, 
by means of which the animal was enabled to browse on 
shrubs or trees. They differ, however, from the Tapirs, not 
only in the apparent presence of a long tail, but also in the 
possession of a pair of very large " hom-cores," carried upon 
the nasal bones, indicating that the animal possessed horns of 
a similar structure to those of the " Hollow-horned " Rumin- 
ants {e.g.. Sheep and Oxen). Brotitotherium gigas is said to be 
nearly as lai^e as an Elephant, whilst B. ing(ns appears to 
have attained dimensions still more gigantic The well-known 
genus Titajwtlieriuin of the American Miocene would also 
appear to belong to this group. 

The family of the Horses t^Equidie) appears under various 
forms in the Miocene, but the most important and best known 
of these is Hipparhn. In this genus the general conformation 
of the skeleton is extremely similar to that of the existing 
Horses, and the external appearance of the animal must have 
been very much the same. The foot of Hipparion, however. 
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has been previously mentioned, differed from tiiat of the 
Orse in the fact that whilst both possess the middle toe greatly 
Weloped and enclosed in a broad hoof, the former, in addition, 
osaessed two lateral toes, which were sufficiently developed 
) carry hoofs, but were so far rudimentary that they hung idly 
ytbe side of the central toe without touching the ground 
see fig, Z30). In the Horse, on the other hand, these lateral 

les, though present, are not only functionally useless, but are 

f Concealed beneath the skin. Remains of the ffipparion have 
teen found in various regions in Europe and in India; and 
n the immense quantities of their bones found in certain 
localities, it may be safely inferred that these Middle Tertiary 
ancestors of the Horses lived, like their modem representa- 
tives, in great herds, and in open grassy plains or prairies. 

Amongst the Even-toed or Artiodactyk Ungulates, we for 
the first time meet with examples of the Hippopoiatnus, with its 
' ir-toed feet, its massive body, aiid huge tusk-like lower 
eanine teeth. The Miocene deposits of Europe have not 
hitherto yielded any remains of Hippopotamus; but several 
species have been detected in the Upper Miocene of the Siwalik 
Hilla by Dr Falconer and Sir Proby Cautley. These ancient 
Indian forms, however, dififer from the existing Hippopotamus 
^fnphibius of Africa in the fact that they possessed six incisor 
teth in each jaw (fig, 244), whereas the latter has only four. 

Amongst the other Even-toed Ungulates, the family of the 
^ {Suida) is represented by true Swine (Sjts Erymanthius), 
*rccaries (Dicotyhs antiquus), and by forms which, like the 
Kit Elotherium of the American Miocene, have no represen- 
Stive at the present day. The Upper Miocene of India has 
gelded examples of the Camels. Small Musk-deer {Amphi- 
ligiiius and Dremotfuriitm) are known to have existed in 
lance and Greece ; and the true Deer ( Cervidie), with their 
Kid bony antlers, appear for the first time here in the person of 
Kcies allied to the living Stags {Cirrus), accompanied by the 
itinct genus Dorcatherium. The Giraffes {Camelopardalidm), 
"w confined to Africa, are known to have lived in India and 
eece; and the allied Helladotherium, in some repects inter- 
lediate between the Giraffes and the Antelopes, ranged over 
nlhem Europe from Attica to France. The great group of 
e " Hollow-homed " Ruminants (Cavicomia), lastly, came 
to existence in the Miocene period ; and though the typical 
Blilies of the Sheep and Oxen are apparently wanting, there 
e true Antelopes, together with forms which, if systemati- 
lUy referable to the AittUopidte, nevertheless are more or less 
arly transitional between this and the family of the Sheep 




HISTORICAL PAL.tONTOLOGV. 



and Cloats. Thus the Palaoreas of the Upper Miocene i 
Greece may be regarded as a genuine Antelope; bul ll 
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Tragoceras of the same deposit is intermediate in its characters 
between the t>-pical Antelopes and the Goats. Perhaps the 
most remarkable, however, of these Miocene Ruminants is the 
Sivatherium gigatileum (fig. 245) of the SiwSlik Hills, in India. 
In this extraordinary animal there were two pairs of hom^ 
supported by bony " Jiom-cores," so that there can be no 
hesitation in referring Sivatherium to the Cavicom Kumin- 
ants. If all these horns had been simple, there would have 
been no difficulty in considering Sivatkmum as simply » 
gigantic four-horoed Antelope, essentially similar to the livii^ 
Antilope (Tdraceros) qtiadricomis of India. The hinder par 
of horns, however, is not only much larger than the front paffi 
but each possesses two branches or snags — a peculiarity not W 
be paralleled amongst any existing Antelope, save the abnormsl 
Prongbuck {Aniilocaprd) of North America. Dr Murie, how- 
ever, in an admirable memoir on the structure and rclation^iipt' 
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Sirat/ierhim, has drawn attention to the fact lliat tlie Prong- 
:lieds the s/imth of its horns annually, and has suggested 




U this may also have been the ease with the extinct form, 
is conjecture is rendered probable, amongst other reasons, 
[the fact that no traces of a horny sheath surrounding the 
Bi-cores of the Indian fossil have been as yet detected. 
I whole, therefore, we may regard the elephantine 
Ic^kaium as being most nearly allied to the Prongbuck of 
1 America, and thus as belonging to the family of the 
Slopes. 

tis to the Miocene period, again, to which we must refer 
l.firet appearance of the important order of the Elephants 
Llheir allies {Probosciiieaiis), all of which are characterised by 
IT elongated trunk-like noses, the possession of five toes to 
loot, the absence of canine teeth, the development of two 

e of the incisor teeth into long tusks, and the adaptation 
Ihe molar teeth to a vegetable diet. Only three generic 
Dps of this order are known — namely, the extinct Deitio- 

1, the equally extinct Mastodons, and the Ekphants; and 
these three types are known to have been in existence as 
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early as the Miocene period, the first of tliem beiog exclusively 
confined to deposits of this age. Of the three, the genus 
Deinotherium is much the most abnormal in its character; 
so much so, that good authorities regard it as really being one 
of the Sea-cows {Sirenia) — though this view has been rendered 
untenable by the discovery of hmb-bones which can hardly 
belong to any other animal, and which are distinctly Probosci- 
dean in type. The most celebrated skull of the Deinolhere 
(fig. 246) is one which was exhumed from the Upper Miocene 
deposits of Epplesheiru.in Hesse- 
Darmstadt, in the year 1836. 
This skull was four and 1 half 
feet in length, and indicated M 
animal larger than any eusting 
species of Elephant. The upper 
jaw is destitute of incisur or 
canine teeth, but is fiimishedon 
each side with five molars, wtiidi 
are opposed to a corresponding 
series of grinding teeth in die 
lower jaw. No canines are pre- 
sent in the lower jaw; but die 
front portion of the jaw is ab- 
ruptly bent downwards, and car- 
ries two huge tusk-like incisor 
teeth, which are cun-ed down- 
wards and backwards, and the use of which is rather proble- 
matical. Not only does the Deinothere occur in Europe, but 
remains belonging to this genus have also been detected in die 
Siwalik HtUs, in India. 

The true Elephants {Elephas) do not appear to have Ex- 
isted during the Miocene period in Europe, but several species 
have been detected in the Upper Miocene deposits of ti" 
Siwalik Hills, in India. The fossil forms, though in all cases 
specifically, and in some cases even sub-generically, distioA 
agree with those now in existence in the general conformauon 
of their skeleton, and in the principal characters of their den- 
tition. In all, the canine teeth are wanting in both jaws ; and 
there are no incisor teeth in the lower jaw, whilst there vt 
two incisors in the front of the upper jaw, which are de- 
veloped into two huge " tusks." There are six molar leflli 
each side of both the upper and lower jaw, but only 
one, or at most a part of two, is in actual use at any givett 
time ; and as this becomes worn away, it is pushed forward 
and replaced by its successor behind it. The molars are of. 
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large size, and are each composed of a number of trans- 
plates of enamel united together by ivory j and by the 




jess of mastication, the teeth become worn down to a fiat 
Ke, crossed by the enamel-ridges in varying patterns, 
se patterns are different in the different species of Ele- 
Hs, though constant for each; and they constitute one of 
most readily available means of separating the fossil 
IS from one another. Of the seven Miocene Elephants 
ndia, as judged by the characters of the molar teeth, 
are allied to the existing Indian Elephant, one is related 
le living African Elephant, and the remaining four are in 

Some respects intermediate between the true Elephants and 

Ibe Mastodons. 
The Mastodons, lastly, though quite elephantine in their 
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general characters, possess molar teeth which have their crowns 
furnished with conical eminences or tubercles placed in pairs 
(fig. 247, B), instead of having the approximately flat surface 
characteristic of the grinders of the Elephants. As in the 
latter, there are two upper incisor teeth, wliich grow penm- 
nently during the life of the animal, and which constitute greaT 
tusks ; but the Mastodons, in addition, often possess two hwa 
incisors, which in some cases likewise grow into small tusks. 
Three species of Mastodon are known to occur in the Uppo 
Miocene of the Siw^lik HiUs of India ; and the Miocene d^ 
posits of the European area have yielded the remains of four 
species, of which the best known are the M. longirostrii and the 
M. angusiidens. 

Whilst herbivorous Quadrupeds, as we have seen, were 
extremely abundant during Miocene times, and often attained 
gigantic dimensions. Beasts of Prey (Carnivora) were by no 
means wanting, most of the principal existing families of the 
order being represented in deposits of this age. Thus, we find 
aquatic Carnivores belonging to both the living groups of the 
Seals and Walruses ; true Bears are wanting, but their plact 
is filled by the closely-allied genus AmpkUyon, of which various 
species are known ; Weasels and Otters were not unknovm, 
and the Hyeenktis and Idiiheriunt of the Upper Miocene of 
Greece are apparently intermediate between the Civet-cats and 
the Hyasnas ; whilst the great Cats of subsequent periods are 
more than adequately represented by the huge " Sabre-loolhed 
Tiger " {Mathairodus), with its immense trenchant and serrated 
canine teeth. 

Amongst the Rodmt Mammals, the Miocene rocks haw 
yielded remains of Rabbits, Porcupines {such as the Hyitrix 
pritnigenius of Greece), Beavers, Mice, Jerboas, Squirrels, aid 
Marmots. All the principal living groups of this order were 
therefore differentiated in Middle Tertiary times. 

The Cheiroptera are represented by small insect-eating BiEsi 
and the order of the Insectivorous Mammals is represented by 
Moles, Shrew-mice, and Hedgehogs. 

Lastly, the Monkeys {Qiiatinimana) appear to have existed 
during the Miocene period under a variety of forms, remiins 
of these animals having been found both in Europe and in 
India ; but no member of this order has as yet been detecied 
in the Miocene Tertiary of the North American continent- 
Amongst the Old World Monkeys of the Miocene, the two 
most interesting are the Pliopithecus and Dryopithecus of FraKe. 
The former of these {fig. 248) is supposed to have been moS 
nearly related to the Hvbg SemmpUhed oi Southern Asia,iai 
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Cb case it must have possessed a long tail. The Mesopi- 
» of the Upper Miocene of Greece is also one of the lower 
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tikeys, as it is most closely allied to the existing Macaques. 
Tm the other hand, the Dryopithuits of the French Upper 
Miocene is referable to the group of the "Anthropoid Apes," 
snd is most nearly related to the Gibbons of the present day, 
lu ^"hich the tail is rudimentary and there are no cheek- 
pouches. Dryopitkecus was, also, of large size, equalling Man 
in stature, and apparently living amongst the trees and feed- 
ing upon fruits. 



CHAPTER XX. 

THE PLIOCENE PERIOD. 

'. highest division of the Tertiary deposits is termed the 
U formation, in accordance with the classification pro- 
by Sir Charles Lyell. The Pliocene formations contaie 

'40 to 95 per cent of existing species oi Moltusca, the re- 
ler belonging to extinct species. They are divided by Sir 
!S Lyell into two divisions, the Older Pliocene and Newer 
ine. 

; Pliocene deposits of Britain occur in Suffolk, and are 
1 by the name of " Crags," this being a local term used 
rtain shelly sands, which are employed in agriculture. 

lof these Crags are referable to the Older Pliocene, viz.. 
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the White and Red Crags,— and one belongs to the Newer 
Pliocene, viz., the Norwich Crag. j 

The W/iife ox Coralline Crag of Suffolk is the oldest of the 
Pliocene deposits of Britain, and is an exceedingly local for- 
mation, occurring in but a single small area, and having a 
maximum thickness of not more than 50 feet. It consists of 
soft sands, with occasional intercalations of fla^y limestone, 
Though of small extent and tliickuess, the CoralUne Crag is of 
importance from tlie number of fossils which it contains. The 
name " Coralline " is a misnomer ; since there are few tme 
Corals, and the so-called "Corals" of the formation arereallj 
Poljiioa, often of very singular forms. The shells of the Coral- 
line Crag are mostly such as inhabit tlie seas of temperatt 
regions ; but there occur some forms usually looked upon ai 
indicating a warm ciimate. 

The Upper or Jiai Crag of Suffolk— like the Coralline Crag 
— has a limited geographical extent and a small thickness, 
rarely exceeding 40 feet. It consists of quartzose sands, usu- 
ally deep red or brown in colour, and charged with numerous 
fossils. 

Altogether more than zoo species of shells are known ftflO 
the Red Crag, of which 60 per cent are referable to enstiiig 
species. The shells indicate, upon the whole, a temperate or 
even cold climate, decidedly less warm than that indicated bj 
the organic remains of the Coralline Crag, It appears, there- 
fore, that a gradual refrigeration was going on during ibt 
Pliocene period, commencing in the CoralUne Crag, becoming 
intensified in the Red Crag, being still more severe i 
Norwich Crag, and finally culminating in the Arctic cold oftte 
Glacial period. 

Besides the Mollusca, the Red Crag contains the ear-bones 
of Whales, the teeth of Sharks and Rays, and remains of tb' 
Mastodon, Rhinoceros, and Tapir. 

The Newer Pliocene deposits are represented in Britain b)' 
the Nortoick Crag, a local formation occurring near Nomicli 
It consists of incoherent sands, loams, and gravels, restii^ m 
detached patches, from 2 to 20 feet in thickness, upon » 
eroded surface of Chalk. The Norwich Crag contains a mix- 
ture of marine, land, and fresh-water shells, with remains of 
fishes and bones of mammals ; so that it must have been li^ 
posited as a local sea-deposit near the mouth of an ancient 
river. It contains altogether more than 100 marine sheH! 
of which 89 per cent belong to existing species. Of A 
Mammals, the two most important are an Elephant {£kph 
eieridionalis), and the characteristic Pliocene Mastodon ^ 



vver. 



THE PLIOCENE PERIOD. 325 

•vernensis), which is hitherto the only Mastodon found in 
Britain. 

According to the most recent views of high authorities, 
certain deposits — such as the so-called " Bridlington Crag " of 
Yorkshire, and the " Chillesford beds " of Suifolk — are to be 
also included in the Newer Pliocene, upon the ground that 
they contain a small proportion of extinct shells. Our know- 
ledge, however, of the existing Molluscan fauna, is still so far 
incomplete, that it may reasonably be doubted if these sup- 
posed extinct forms have actually made their final disappear- 
ance, whilst the strata in question have a strong natural con- 
nection with the " Glacial deposits," as shown by the number 
of Arctic Moliusca which they contain. Here, therefore, these 
leds will be included in the Post-Pliocene series, in spite of 
the fact that some of their species of shells are not known to 
X the present day. 
"he following are the more important Pliocene deposits 
ch have been hitherto recognised out of Britain: — 
r In the neighbourhood of Antwerp occur certain " crags," 
e the equivalent of the White and Red Crag in parL 
lowest of these contains less than 50 per cent, and the 
lest 60 per cent, of existing species of shells, the remainder 
g extinct. 
Bordering the chain of the Apennines, in Italy, on both 
E is a series of low hills made up of Tertiary strata, which 
inown as the Sub-Apennine beds. Part of these is of 
cene age, part is Older Pliocene, and a portion is Newer 
cene. The Older Pliocene portion of the Sub-Apennines 
i of blue or brown marls, which sometimes attain a 
ss of zooo feet. 
In the valley of the Amo, above Florence, are both 
a and Newer Pliocene strata. The former consist of blue 
I and lignites, with an abundance of plants. The latter 
list of sands and conglomerates, with remains of large Car- 
i Mammals, Mastodon, Elephant, Rhinoceros, Hippo- 
i, &c. 
In Sicily, Newer Pliocene strata are probably more largely 
doped than anywhere else in the world, rising sometimes 
.height of 3000 feet above the sea. The series consists 
lays, marls, sands, and conglomerates, capped by a com- 
■ limestone, which attains a thickness of from 700 to 80a 
The fossils of these beds belong almost entirely to living 
ies, one of the commonest being the Great Scallop of the 
literranean (Peden Jacobaus). 
Occupying an extensive area round the Caspian, Aral, 
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and Azof Seas, are Pliocene deposits known as the " Aral©- 
Caspian " beds. The fossils in these beds are partly fresh- 
water, partly marine, and partly intermediate in character, and 
they are in great part identical with species now inhabiting: 
the Caspian. The entire formation appears to indicate the 
former existence of a great sheet of brackisli water, forming ac 
inland sea, like the Caspian, but as large as, or larger than, the 
Mediterranean, 

6. In the United States, strata of Pliocene age are found in 
North and South Carolina, They consist of sands and clays, 
with numerous fossils, chiefly Molluscs and Mchinoderm. 
From 40 to 60 per cent of the fossils belong to existing 
species. On the Loup Fork of the river Platte, in the Uppir 
Missouri region, are strata which are also believed to be refer- 
able to the Pliocene period, and probably to its upper division. 
They are from 300 to 40Q feel thick, and contain land-shells, 
with the bones of numerous Mammals, such as Camels, Rhino- 
ceroses, Mastodons, Elephants, the Horse, Stag, &c 

As regards the life of the Pliocene period, there are only 
two classes of organisms to which our attention need be 
directed — namely, the Sheil-fish and the Mammals. So fai^s 
the former are concerned, we have to note in the first place 
that the introduction of new species of animals upon the globe 
went on rapidly during this period. In the Older Pliocene 
deposits, the number of shells of existing species is only from 
40 to 60 per cent; but in the Newer Pliocene the pn>' 
portion of living; forms rises to as much as from 80 
95 per cent. Whilst the Molluscs thus become rapidly n 
demised, the Mammals still ail belong to extinct species. 
though modem generic types gradually supersede the moie 
antiquated forms of the Miocene. In the second place, there 
is good evidence to show that the Pliocene period was one m 
which the climate of the northern hemisphere undenvenl? 
gradual refrigeration. In the Miocene period, there is evi- 
dence to show that Europe possessed a climate very similsf 
to that now enjoyed by the Southern United States, and cer- 
tainly very much warmer than it is at present. The presence 
of Palm-trees upon the land, and of numerous large Cowrie, 
Cones, and other shells of warm regions in the sea, sufficiently 
proves this. In the Older Pliocene deposits, on the other 
hand, northern forms predominate amongst the Shells, though 
some of the types of hotter regions still survive. In the Ne«B 
Pliocene, again, the Molluscs are such as almost exclusively 
inhabit the seas of temperate or even cold regions ; \s hilst if 
we regard deposits like the " Bridlington Crag " and " ChiUet- ■ 
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beds " as truly referable to this period, we meet at the 

lose of tliis period with shells such as nowadays are distinct- 

ve\y characteristic of high latitudes. It might be thought 

hat the occurrence of Quadrupeds such as the Elephant. 

Rhinoceros, and Hippopotamus, would militate against this 

generalisation, and would rather support the view that the 

climate of Europe and the United States must have been a 

hot one during the later portion of the Pliocene period. We 

have, however, reason to believe that many of these extinct 

Mammals were more abundantly furnished with hair, and more 

adapted to withstand a cool temperature, than any of their 

living congeners. We have also to recollect that many of 

tliese large herbivorous quadni]Deds may have been, and 

indeed probably were, more or less migratory in their habits ; 

and that whilst the winters of the later portion of the Pliocene 

period were cold, the summers might have been very hot. 

his would allow of a northward migration of such terrestrial 

als during the summer-time, when there would be an 

iple supply of food and a suitably high temperature, and a 

nithward recession towards the approach of winter. 

The chief palse on tological interests of the Pliocene deposits, 

of the succeeding Post-Pliocene, centre round the Mammals 

the period ; and amongst the many forms of these we may 

^^ttict our attention to the orders of the Hoofed Quadrupeds 

Ingulata), the Proboscideans, the Carnirora, and the Quad- 

1. Almost all the other Mammalian orders are more 

fully represented in Pliocene times, but none of them 

any special interest till we enter upon the Post- Pliocene. 

iAmongst the Odd-toed Ungulates, in addition to the remains 

true Tapirs (Tapirus Arvemensis), we meet with the bones 

leveral species of Rhinoceros, of which the Rhinoceros Eirus- 

and R. megarhinus (fig. 249) are the most important. The 

(ner of these (fig. 249, A) derives its specific name from its 

mdance in the Pliocene deposits of the Val d'Amo, near 

Wice, and though pnncipally Pliocene in its distribution, 

irvived into the earlier portion of the Post-Pliocene period. 

noceros EtrusMs agreed with the existing African forms in 

riflg two horns placed one behind the other, the front one 

^^g the longest ; but it was comparatively slight and slender 

ib build, whilst the nostrils were separated by an incom- 

te bony partition. In the Rhinoceros megarhinus (fig. 249, 

on the other hand, no such partition exists between the 

itrils, and the nasal bones are greatly developed in size. It 

i a two-horned form, and is found associated with E/ephas 

^idienalis and E. aiitiquus in the Pliocene deposits of the 
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Val d'Arno, near Florence, Like the preceding, it survived, 
in diminished numbers, into the earUer portion of the Post- 
Pliocene period. 

The Horses {Equida) are represented, both in Europe and 




America, by the three-toed Hipparions, which survive from the 
Miocene, but are now verging upon extinction. For the first , 
time, also, we meet with genuine Horses {Equus), inivhich j 
each foot is provided with a single complete toe only, encased I 
in a single broad hoof. One of the American species of thii ] 
period {the Eqiiiis excdsus) quite equalled the modem Hoise I 
in stature; and it is interesting to note the occurrence of indi- I 
genous horses in America at such a comparatively late gefr 
logical epoch, seeing that this continent certainly possessed 
none of these animals when first discovered by the Spaniards. 
Amongst the Even-toed Ungulates, we may note the occur- . 
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rence of Swine {Siiida), of forms allied to the Camels {Camel- 
idie), and of various kinds of Deer (Cfroida); but the most 
interesting Pliocene Mammal belonging to this section is the 
great Hippopofamiis major of Britain and Europe. Tliis well- 
known species is very closely allied to the living Hippopotamus 
amphibius of Africa, from which it is separated only by its 
larger dimensions, and by certain points connected with the 
conformation of the skeleton. It is found very abundantly in 
the Pliocene deposits of Italy and France, associated with the 
remains of the Elephant, Mastodon, and Rhinoceros, and it 
survived into the earlier portion of the Post-Pliocene period. 
During this last-mentioned period, it extended its range north- 
wards, and is found associated with the Reindeer, the Bison, 
I and other northern animals. From this fact it has been infer- 
red, with great probability, that the Hippopotamus major was 
fumished with a long coat of hair and fur, thus differing from 
its nearly hairless modem representative, and resembling its 
associates, the Mammoth and the Woolly Rhinoceros. 

Passing on to the Pliocene Proboscideans, we find that the 
great Dcinotheria of the Miocene have now wholly disappeared, 
and the sole representatives of the order are Mastodons and 
Elephants. The most important member of the former group 
is the Mastodon Arverneiisis (fig. 250), which ranged widely 




T Southern Europe and England, being generally associated 

ins of the Elephas nirridionalis, £. antiqitus, Hhino- 

! megarhiniis, and Hippopotamus major. The lower jaw 

i to have been destitute of incisor teeth j but the upper 

s are developed into great tusks, which sometimes reach 
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a length of nine feet, and which have the simple curvature of 
tlie tusks of the existing Elephants. Amongst the Pliocene 
Elephants the two most important are the EUphas meridionalis 
and the Ekphas antiquus. Of these, the Elepltas meridionalis 
(fig. 251) is found abundantly in the Pliocene deposits 




Southern Europe and Englaud, and also survived into 1 
earlier portion of the Post-Pliocene period. Its niolar teeth 
are of the type of those of the existing African Elephant, the 
spaces enclosed by the transverse enamel-plates being more 
or less lozenge-shaped, whilst the curvature of the tusks is 
simple. The EUpkas antiquus (fig. 252) is very generallj- 




-third of Ihe mtuni! ill 



associated with the preceding, and it survived to an even 
later st&ge of the Post-Pliocene period. The molar teeth are 
of the type of the existing Indian Elephant, with compara- 
tively thin enamel-ridges, placed closer together than in the 
African type ; whilst the tusks were nearly straight. 

Amongst the Pliocene Carnivores, we meet with true Bears 
(Ursus Arvernmsis), Hysenas (such as Hyana Hipparionum), 
and genuine Lions (such as the Felts angustus of North 
America); but the most remarkable of the beasts of prey of 
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this period is the great " Sabre-toothed Tiger " {Macliairodus), 
species of which existed in the earher Miocene, and sunived 
to the later Post- Pliocene. In this remarkable form we are 
presented with perhaps the most highly carnivorous type of 
all known beasts of prey. Not only are the jaws shorter in 
proportion even than those of the great Cats of the present 
[ day, but the canine teeth (fig. 253) are of e 




greatly flattened so as to assume the form of a poignard, and 
having their margins finely serrated. Apart from the charac- 
ters of the skull, the remainder of the skeleton, so far as known, 
exhibits proofs that the Sabre-toothed Tiger was extraordi- 
narily muscular and powerful, and in the highest degree adapt- 
ed for a life of rapine. Species of Machairodus must have 
been as large as the existing I.ion ; and the genus is not only 
European, but is represented both in South America and in 
India, so that the geographical range of these predaceous 
beasts must have been very extensive. 

Lastly, we may note that the Pliocene deposits of Europe 
have yielded the remains of Monkeys { Quadrumana\ allied to 
the existing Simnopitheci and Macaques. 
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CHAPTER XXI. 

THE QUATERNARY PERIOD. 

The Post- Pliocene Period. 

Later than any of the Tertiary formations are vajious de- 
tached and more or less superficial accumulations, which are 
generally spoken of as the Post-Tertiary formatiens, in acconj- 
ance with the nomenclature of Sir Charles Lyell— or as the 
Quaternary formations, in accordance with the general usage 
of Continental geologists. In all these formations we meet 
with no Molliisea except such as are now alive — with the 
pajtial and very limited exception of some of the oldest de- 
posits of this period, in which a few of the shells occasionally 
belong to species not known to be in existence at the pre- 
sent day. Whilst the Shellfish of the Quaternary deposits are, 
generally speaking, identical with existing fonns, the Mammals 
are sometimes referable to living, sometimes to extinct species. 
In accordance with this, the Quaternary formations are divided 
into two groups : ( i ) The Post-Pliocate, in which the shells are 
almost invariably referable to existing species, but some of the 
Mammals are extinct ; and (2) the Recent, in which the shells 
and the Mammals alike belong to existing species. The J^)sl- 
Plioixne deposits are often spoken of as the Pleistocene (onm- 
tions (Gr. pleistos, most; kainos, new or recent), in allusion to 
the fact that the great majority of the bving beings of this 
period belong to the species characteristic of the "new "or 
Recent period. 

The Recent deposits, though of the"highest possible interest, 
do not properly concern the paleontologist strictly so-calH 
but the zoologist, since they contain the remains of none but 
existing animals. They are " Pre-historic," but they belong 
entirely to the existing terrestrial order. The Post-Plioatc 
deposits, on the other hand, contain the remains of various 
extinct Mammals ; and though Man undoubtedly existed in, 
at any rate, the later portion of this period, if not through- 
out the whole of it, they properly form part of the domain of 
the paleontologist 

The Post-Pliocene deposits are extremely varied, and veiy 
widely dbtributed ; and owing to the mode of their occurrence, 
the ordinary geological tests of age are in their case but vpiy 
partially available. The subject of the classification of 
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Scposits is therefore an extremely complicated one ; and as ^H 

regards the age of even some of the most important of them, 
there still exists considerable difference of opinion. For our < 

present purpose, it \vill be convenient to adopt a classifica- 
tion of the Post-Pliocene deposits founded on the relations 
which they bear in time to the great " Ice-age " or " Glacial 
period ; " though it is not pretended that our present know- 
ledge is sufficient to render such a classification rnore than a 
covisional one: 
In the early Tertiary period, as we have seen, the climate of 
le northern hemisphere, as shonTi by the Eocene animals and 
lants, was very much hotter than it is at present — partaking, 
tdeed, of a sub-tropical character. In the Middle Tertiary or 
tiocene period, the temperature, though not so high, was still 
ch warmer than that now enjoyed by the northern henii- 
lere; and we know that the plants of temperate regions at 

s time flourished within the Arctic circle. In the later 

tertiary or Pliocene period, again, there is evidence that the 
Mthem hemisphere underwent a further progressive diminu- 
"in of temperature ; though the climate of Europe generally 
sms at the dose of the Tertiary period to have been if any- 
ling warmer, or at any rate not colder, than it is at the present 
ly, With the commencement of the Quaternary period, 
Swever, this diminution of temperature became more de- 
ided ; and beginning with a temperate climate, we iind the 
Sater portion of the northern hemisphere to become gradu- 
ly subjected to all the rigours of intense Arctic cold. All 
« mountainous regions of Northern and Central Europe, of 
Iritain, and of North America, became the nurseries of huge 
^streams, and large areas of the land appear to have been 
ffered with a continuous ice-sheet. The Arctic conditions of 
is, the well-known " Glacial period," relaxed more than once, 
d were more than once re-established with lesser intensity, 
bally, a gradual but steadily progressive amelioration of tem- 
lature took place ; the ice slowly gave way, and ultimately 
appeared altogether; and the climate once more became 
Kperate, except in high northern latitudes. 
liie changes of temperature sketched out above took place 
twly and gradually, and occupied the whole of tlie Post- 
locene period. In each of the three periods marked out by 
tee changes — in the early temperate, the central cold, and 
t later temperate period — certain deposits were laid down 
over the surface of the northern hemisphere; and these de- 
posits collecdvely constitute the Post-Pliocene formations. 
Hence we may conveniently classify all the accumulations of 




336 HISTORICAL PALEONTOLOGY. 

thisE^e under the heads of {i)/'rfr6^('ti'«<?/ deposits, (z) Glacial 
deposits, and (3) Post-Glacial deposits, according as they were 
formed before, during, or after the " Glacial period." It can- 
not by any means be asserted that we can definitely fix the 
precise relations in time of all the Post-Pliocene deposits to the 
Glacial period. On the contrary, there are some which hold a 
very disputed position as regards this point; and there are 
others which do not admit of definite allocation in this manner 
at all, in consequence of their occurrence in regions where no 
"Glacial Period" is known to have been established. For 
our present purpose, however, dealing as ive shall have to do 
principally with the northern hemisphere, the above dflssili- 
cation, with all its defects, has greater advantages dian any 
other that has been jet proposed. 

I. Pre-Glacial Deposits. — The chief pre-glacial depositof 
Britain is found on the Norfolk coast, reposing upon the News 
Pliocene (Norwich Crag), and consists of an ancient land-sur- 
face which is known as the " Cromer Forest-bed." 

This consists of an ancient soil, having embedded in it the 
stumps of many trees, still in an erect positioo, with remdns 
of living plants, and the bones of recent and extinct quadru- 
peds. It is overlaid by fresh-water and marine beds, all the 
shells of which belong to existing species, and it is finally sur- 
mounted by true " glacial drift." While all the shells and 
plants of the Cromer Forest-bed and its associated strata belong 
to existing species, the Mammals are ])artly living, partly cs- 
tincL Thus we find the existing Wolf {Cmis lupus), Red 
Deer {Cervus elap/itis), Roebuck (Cervus eapreolus), Mole 
{Talpa Muropaa), and Beaver {Castor fiber), living in westBl 
England side by side with the Hippopotamus major, Eleph^ 
antiqutts, EUphas tneridionalis. Rhinoceros Etrtiscus, and S.. 
itugarhinus of the Pliocene period, which are not only e.\tinet, 
but imply an at any rate moderately warm climate. Besides 
the above, the Forest-bed has yielded the remains of several 
extinct species of Deer, of the great extinct Beaver {Tro^ 
therium Cuvieri), of t!ie Caledonian Bull or " Urus " {Bos 
primigmius), and of a Horse {Equtis fossilis), little if at all 
distinguishable from the existing form. 

The so-called " Bridlington Crag " of Yorkshire, and the 
" Chillesford Beds " of Suffolk, are probably to be regarded as 
also belonging to this period; though many of the shells which 
they contain are of an Arctic character, and would indicate 
that they were deposited in the commencement of the Glacial 
period itself. Owing, however, to the fact that a few of the 
shells of these deposits are not known to occur in a living ■ 
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Kion, these, and some other similar accumulations, are some- 
imes considered as referable to the Pliocene period. 

II. Glacial Deposits. — Under this head is included a 
great series of deposits which are widely spread over both 
Europe and America, and which were formed at a time when 
the climate of these countries was very much colder than it is 
at present, and approached more or less closely to what we see 
at the present day in the Arctic regions. These deposits are 
Ntt by the general name of tlie Glacial deposits, or by the 
e specialised names of the Drift, the Northern Drift, the 
alder-clay, the Till, &c. 

rhese glacial deposits are found in Britain as far south as 
t Thames, over the whole of Northern Europe, in all the 
re elevated portions of Southern and Central Europe, and 
r the whole of North America, as far south as the 39th 
lallel. They generally occur as sands, clays, and gravels, 
Eead in widely-extended sheets over all the geological forma- 
ts alike, except the most recent, and are commonly spoken 
nnder the general term of " Glacial drift." They vary much 
fteir exact nature in different districts, but they universally 

, or all, of the following members : — 
r. Umtratified clays, or loams, containing numerous angular 
'iab-angular blocks of stone, which have often been trans- 
1 for a greater or less distance from their parent rock, 
3 which often exhibit polished, grooved, or striated surfaces. 
He beds are what is called Boulder-clay, or Till. 
I. Sands, gravels, and claj's, often more or less regularly 
S^fied, but containing erratic blocks, often of large size, and 
^Ta their edges unworn, derived from considerable distances 
n the place where they are now found. In these beds it is 
(at all uncommon to find fossil shells; and these, though of 
Hing species, are generally of an Arctic character, compris- 
a greater or less number of forms which are now exclusively 
ad in the icy waters of the Arctic seas. These beds are 
B spoken of as " Stratified Drift." 

', Stratified sands and gravels, in which the pebbles are 
W and rounded, and which have been produced by a re- 
Ogement of ordinary glacial beds by the sea. These beds 
' commonly known as " Drift-gravels," or " Regenerated 

me of the last- men tinned of these are doubtless post- 
U ; but, in the absence of fossils, it is often impossible to 
arrive at a positive opinion as to the precise age of superficial 
accumulations of this nature. It is also the opinion of high 
authorities that a considerable number of the so-called 
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deposits," with the bones of extinct Mammals, truly beloi„ __ 
the Glacial period, being formed during warm intervals yfbcn 
the severity of the Arctic cold had become relaxed. It is 
further believed that some, at any rate, of the so-cailed " high- 
level " river-gravels and " brick-earths " have likewise been 
deposited during mild or warm intervals in the great age of 
ice ; and in two or three instances this has apparently been 
demonstrated — deposits of this nature, with the bones of ex- 
tinct animals and the implements of man, having been shovm 
to be overlaid by true Boulder-clay. 

The fossils of the undoubted Glacial deposits are principally 
shells, which are found in great numbers in certain localities, 
sometimes with Foraminifej-a, the bivalved cases of Ostracode 
Crustaceans, &c. Whilst some of the shells of the " Drift" 
are such as now live in the seas of temperate regions, others, 
as previously remarked, are such as are now only known to 
live in the seas of high latitudes j and these therefore afford 
unquestionable evidence of cold conditions. Amongst these 
Arctic forms of shells which characterise the Glacial beds 
maybe mentioned Faten IslandUus {fig. 254), Peden Gmn- 




landicits, Scalaria Grxnlandica, Leda truncaia, Astaiie borailis, 
Jiliina proxitna, Nattca dausa, ike. 

III. Post-Glacial Deposits. — As the intense cold of the 
Glacial period became gradually mitigated, and 1 
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mditions of eliraate were once more re-established, various 
!eposits were formed in the northern hemisphere, which are 
bund to contain the remains of extinct Mammals, and which, 
[herefore, are clearly of Post- Pliocene age. To these deposits 
[he general name of Post-Glacial formaiions is given ; but it is 
□bvious that, from the nature of the case, and with our present 
limited knowledge, we cannot draw a rigid line of demarcation 
between the deposits formed towards the close of the Glacial 
period, or during warm " interglacial " periods, and those laid 
down after the ice had fairly disappeared. Indeed it is ex- 
tremely improbable that any such rigid line of demarcation 
should ever have existed ; and it is far more likely that the 
acial and Post-Glacial periods, and their corresponding de- 
■ i, shade into one another by an impwrceptible gradation. 
Mepting this reservation, we may group together, under the 
jieral head of " Post-Glacial Deposits," most of the so-called 
Valley- gravels," " Brick - earths," and " Cave -deposits," to- 
irwith some "raised beaches" and various deposits of 
Though not strictly within the compass of this work, 
few words may be said here as to the origin and mode 
\ formation of the Brick-earths, Valley-gravels, and Cave- 
sposits, as the subject will thus be rendered more clearly 
ttdligible. 

Every river produces at the present day beds of fine mud 
nd loam, and accumulations of gravel, which it deposits at 
arious parts of its course — the gravel generally occupying the 
(west position, and the finer sands and mud coming above. 
Numerous deposits of a similar nature are found in most 
Jimtries in various localities, and at various heights above 
le present channels of our rivers. Many of these fluviatile 
\AtJluviiis, a river) deposits consist of fine loam, worked for 
rick-making, and known as "Brick-earths;" and they have 
idded the remains of numerous extinct Mammals, of which 
e Mammoth {Ekpkas primigenius\ is the most abundant. 
t the valley of the Rhine these fluviatile loams {known as 
Loess") attain a thickness of several hundred feet, and con- 
in land and fresh-water shells of existing species. With 
se occur the remains of Mammals, such as the Mammoth 
1 WooUy Rhinoceros. Many of these Brick -earths are 
idoubtedly Post-Glacial, but others seem to be clearly "inter- 
icial ; " and instances have recently been brought forward in 
ich deposits of Brick-earth containing bones and shells of 
sh-water Molluscs have been fotmd to be overlaid by regu- 
-nnstratified boulder- clay. 
The so-called "Valley-gravels," like the Brick-earths, are 



I 
I 




340 HISTORICAL PAL/EONTOLOGY. 

fluviatile deposits, but are of a. coarser nature, consisting of 
sands and gcavels. Every river gives origin to deposits of 
this kind at different points along the course of its valley; 
and it is not uncommon to find that there exist in the valley 
of a single river two or more sets of these gravel-heds, formed 
by the river itself, but formed at times when the river ran 
at different levels, and therefore formed at different periods. 
These different accumulations are known as the " high-level" 
and " low-level " gravels ; and a reference to the accompany- 
ing diagram will explain the origin and nature of these de-' 
posits {fig. 255). When a river begins to occupy a particular 
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line of drainage, and to form its own channel, it will depffiit 
fluviatile sands and gravels along its sides. As it goes on 
deepening the bed or valley through which it flows, it will 
deposit other fluviatile strata at a lower level beside its re* 
bed. In this way have arisen the terms "high-level" and 
" low-level " gravels. We find, for instance, a modem river 
flowing through a valley which it has to a great extent or 
entirely formed itself; by the side of its immediate channel 
we may find gravels, sand, and loam (fig. 255, 2 2') deposited 
by the river flowing in its present bed. These are rfcail 
fluviatile or alluvial deposits. At some distance from the 
present bed of the river, and at a higher level, we may find 
other sands and gravels, quite like the recent ones in charac- 
ter and origin, but formed at a time when the stream floweil 
at a higher level, and before it had excavated its valley to its 
present depth. These (fig. 255, 3 3') are the so-called "/cic- 
' gravels" of a river. At a still higher level, and slill 
farther removed from the present bed of the river, we may 
find another terrace, composed of just the same materials as 
the lower one, but formed at a still earlier period, when ihe 
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xcavation of the valley had proceeded to a much less extent. 
Tiese (fig. 255, 44') are the so-called " liigMevel gravels" 
fa river, and there may be one or more terraces of these. 

The important fact to remember about these fluviatile de- 
is this — that here the ordinary geological rule is reversed. 
he high-level gravels are, of course, the highest, so far as 
^heir actual elevation above the sea is concerned ; but geo- 
Really the lowest, since they are obviously much older than 

: low-level gravels, as these are than the recent gravels. 

)w much older the high-level gravels may be than the low- 

■el ones, it is impossible to say. They occur at heights 
arying from to to 100 feet above the present river-chan- 
lels, and they are therefore older than the recent gravels 
^ the time required by the river to dig out its own bed to 
lis depth. How long this period may be, our da.ta do not 
mable us to determine accurately ; but if we are to calculate 
rom the observed rate of erosion of the actually existing 
ivers, the period between the different valley -gravels must 
a, very long one. 

The lowest or recent fluviatde deposits which occur beside 
be bed of the present river, are referable to the Recent period, 

I they contain the remains of none but living Mammals. The 
iro other sets of gravels are Post-Pliocene, as they contain 
ie bones of extinct Mammals, mixed with land and fresh- 
ater shells of existing species. Among the more important 
Ktinct Mammals of the low-level and high-level valley-gravels 
(ay be mentioned the Ekphas antiquits, tlie Mammoth {Ele- 

\as frimigenius), the Woolly Rhinoceros {Jf. tickorhinus), the 
ippopotamus, the Cave-lion, and the Cave-bear, Along 
■'1 these are found unquestionable traces of the existence 
["Man, in the form of rude flint implements of undoubted 
aman workmanship. 

'The so-called " Cave - deposits," again, though exhibiting 
:uliarities due to the fact of their occurrence in caverns or 
pures in the rocks, are in many respects essentially similar 
i the older valley-gravels. Caves, in the great majority of 
tftances, occur in limestone. When this is not the 

II generally be found that they occur along lines of sea-coast, 
C along lines which can be shown to have anciently formed 
e coast-line. There are many caves, however, in the making 
'which it can be shown that the sea has had no hand; and 

ie are most of the caves of limestone districts. These owe 

r origin to the solvent action upon lime of water holding 

Irbonic acid in solution. The rain which falls upon a lime- 

e district absorbs a certain amount of carbonic acid from 
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the air, or from the soil. It then percolates through the rock, 
generally along the lines of jointing so characteristic of lime- 
stones, and in its progress it dissolves and carries off a certain 
quantity of carbonate of lime. In this way, the natural joints 
and fissures in the rock are widened, as can be seen at the 
present day in any or all limestone districts. By a continu- 
ance of this action for a sufficient length of time, caves may 
ultimately be produced. Nothing, also, is commoner in a 
limestone district than for the natural drainage to take the 
line of some fissure, dissolving the rock in its course. In this 
way we constantly meet in limestone districts with springs 
issuing from the limestone rock — sometimes as large rivers— 
the waters of which are charged with carbonate of lime, ob- 
tained by the solution of the sides of the fissure through whicji 
the waters have flowed. By these and similar actions, ever)' 
district in which limestones are extensively developed will be 
found to exhibit a number of natural caves, rents, or fissures. 
The first element, therefore, in the production of cave-deposits, 
is the existence of a period in which limestone rocks were 
largely dissolved, and caves were formed in consequence of 
the then existing drainage taking the line of some fissure. 

Secondly, there must have been a period in which various 
deposits were accumulated in the caves thus formed. These 
cavern-deposits are of very various nature, consisting of mad, 
loam, gravel, or breccias of different kinds. In all cases, these 
materials have been introduced into the cave at some period 
subsequent to, or contemporaneous with, the formation of ihe 
cave. Sometimes the cave communicates witli the surface hv 
a fissure through which sand, gravel, &c., may be washed by 
rains or by floods from some neighbouring river. Sometimes 
the cave has been the bed of an ancient stream, and the de- 
posits have been formed as are fluviatile deposits at the surface. 
Or, again, the river has formerly flowed at a greater elevation 
than it does at present, and the cave has been filled witli 
fluviatile deposits by llie river at a time prior lo the excavi- 
tion of its bed to the present depth (fig. 256). In this last 
case, the cave-deposits obviously bear exactly the same rela- 
tion in point of antiquity to recent deposits, as do the low- 
level and high-level valley-gravels to recent river-gravels. I" 
any case, it is necessary for the physical geography of the dis- 
trict to change to some extent, in order that the cave-deposits 
should be preserved. If the materials have been introduced 
by a fissure, the cave will probably become ultimately filled 
to the roof, and the aperture of admission thus blocked up' 
If a river has flowed Vhtou^h the cave, the suriace coufiguo- 
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Ftion of the disfrict must be altered so far as to divert the river 
into a new channel. And if the cave is placed in the side of 
:r-va!ley, as in fig, 256, the river must have excavated 




its channel to such a depth that it can no longer wash out the 
contents of the cave even in high floods. 

If the cave be entirely filled, tlie included deposits generally 
get more or less completely cemented together by the percola- 
tion through them of water holding carbonate of lime in solu- 
tion. If the cave is only partially filled, the dropping of water 
from the roof holding lime in solution, and its subsequent 
evaporation, would lead to the formation over the deposits 
below of a layer of stalagmite, perhaps several inches, or even 
feet, in thickness. In this way cave- deposits, with their con- 
tained remains, may be hermetically sealed up and preserved 
without injury for an altogether indefinite period of time. 

In ail caves in limestone in which deposits containing bones 
are found, we have then evidence of three principal sets of 
changes. (1.) A period during which the cave was slowly 
hollowed out by the percolation of acidulated water ; (2.) A 
period in which the cave became the channel of an engulfed 
river, or otherwise came to form part of the general drainage- 
I .fijstem of the district; (3.) A period in which the cave was 
' ihabited by various animals. 

L typical example of a cave with fossiliferous Post- 

liocene deposits, we may take Kent's Cavern, near Torquay, 

a which a systematic and careful examination has revealed the 
|}Uowing sequence of accumulations in descending order: — 
7 (a) Large blocks of limestone, which lie on the floor of the 

Bve, having fallen from the roof, and which ait sometimes 

femented together by stalagmite. 

(d) A layer of black mould, from three to twelve inches 

hick, with human bones, fragments of pottery, stone and 
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bronze implements, and the bones of animals now living in 
Britain. This, therefore, is a recent deposit 

(f) A layer of stalagmite, from sixteen to twenty indiet 
thick, but sometimes as much as five feet, containing the bones 
of Man, together with those of extinct Post-Piiocene Mammals. 

{li) A bed of red cave-earth, sometimes four feet in thick- 
ness, with numerous bones of extinct Mammals (Mammoth, 
Cave-bear, &c), together with human implements of flint and 
hom. 

{e) A second bed of stalagmite, in places twelve feet if 
thickness, with bones of the Cave-bear, 

(/) A red-loam and cave-breccia, with remains of the Cave- 
bear and human implements. 

The most important Mammals which are found in cave- , 
deposits in Europe generally, are the Cave-bear, the Cave-lion, 
the Cave-hyffina, the Reindeer, the Musk-ox, the Glutton, and 
the Lemming — of which the first three are probably identical 
with existing forms, and the remainder are certainly so— to- 
gether with the Mammoth and the Woolly Rhinoceros, which 
are undoubtedly extinct. Along with these are found the 
implements, and in some cases the bones, of Man himselt in 
sucli a manner as to render it absolutely certain that an earl/ 
race of men was truly contemporaneous in Western Europe 
with the animals above mentioned. 

IV. Unclassified Post-Pleocene Deposits. — Apart from 
any of the afore- mentioned deposits, there occur other accunwi- 
lations — sometimes superficial, sometimes in caves — which are 
found in regions where a " Glacial period " has not been fcUr 
demonstrated, or where such did not take place ; and which, 
therefore, are not amenable to the above classification. The 
most important of these are known to occur in South America, 
and Australia ; and though their numerous extinct Mammsli*- 
place their reference to the Post-Pliocene period b^oni 
doubt, their relations to the glacial period and its deposits ir» 
the northern hemisphere have not been precisely determined. 
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CHAPTER XXII. 
THE POST-PLIOCENE PERIOD— Continued. 



As regards the life of the Post-Pliocene period, we have, w j 
the first place, to notice the eSect produced thiougbout the J 
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Northern hemisphere by the gradual supervention of the Glacial 
period. Previous to this the climate must have been temper- 
ate or warm-temperate; but as the cold gradually came on, 
two results were produced as regards the living beings of the 
area thus affected. In the first place, all those Mammals 
which, hke the Mammoth, the Woolly Rhinoceros, the Lion, 
the Hysena, and the Hippopotamus, require, at any rate, mode- 
rately warm conditions, would be forced to migrate southwards 
to regions not affected by the new state of things. In the 
second place, Mammals previously inhabiting higher latitudes, 
such as the Reindeer, the Musk-ox, and the Lemming, would 
be enabled by the increasing cold to migrate southwards, and 
to invade provinces previously occupied by the Elephant and 
the Rhinoceros. A precisely similar, but more slowly-executed 
process, must have taken place in the sea, the northern MoUus- 
ca moving southwards as the arctic conditions of the Glacial 
period became established, whilst ttie forms proper to temperate 
seas receded. As regards the readily locomotive Mammals, 
also, it is probable that this process was carried on repeatedly 
in a partial manner, the southern and northern forms alternately 
fluctuating backwards and forwards over the same area, in ac- 
cordance with the fluctuations of temperature which have been 
shown by Mr James Geikie to liave characterised the GJacial 
period as a whole. We can thus readily account for the inter- 
mixture which is sometimes found of northern and southern types 
of Mammalia in the same deposits, or in deposits apparently 
"synchronous, and within a single district. Lastly, at the final 
close of the arctic cold of the Glacial period, and the re-estab- 
lishment of temperate conditions over the northern hemisphere, 
a reversal of the original process took place — the northern 
ilammaJs retiring within their ancient limits, and the southern 
pressing nordiwards and reoccupying their original 
mains. 

e Invertebrate animals of the Post-PUocene deposits re- 
no further menlion:^all the known forms, except a few 
e shells in the lowest beds of tlie formation, being iden- 
I with species now in existence upon the globe. The only 
t of importance in this connection has been previously 
mticed — namely, that in the true Glacial deposits themselves 
I considerable number of the shells belong to northern or 

[ As regards the Vertebrate animals of the period, no extinct 
ms of Fishes, Amphibians, or Reptiles are known to occur, 
; meet with both extinct Birds and extinct Mammals, 
\ remains of the former are of great interest, as indicating 
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the existence during Post • Pliocene times, at widely remote 
points of the southern hemisphere, of various wingless, and for 
the most part gigantic, Birds. All the great wingless Birds of 
the order Cursores which are known as existing at the pres- 
ent day upon the globe, are restricted to regions which are 
either wholly or in great part south of the equator. Thus the 
true Ostriches are African ; the Rheas are South American ; 
the Emeus are Australian ; the Cassowaries are confined to 
Northern Australia, Papua, and the Indian Archipelago; the 
species of Apteryx are natives of New Zealand; and the 
Dodo and Solitaire (wingless, though probably not true Cw- 
sores), both of which have been exterminated within histori- 
cal times, were inhabitants of the islands of Mauritius and 
Rodriguez, in the Indian Ocean. In view of these facts, il 
is noteworthy that, so far as known, all the Cutsoriat Birds 
of the Post-Pliocene period should have been confined to the 
same hemisphere as that inhabited by the living representatives 
of the order. It is still further interesting to notice that the 
extinct forms in question are only found in geographical prov- 
inces which are now, or have been within historical times, inlab- 
ited by similar types. The greater number of the remains of 
these have been discovered in New Zealand, where there now 
live several species of the curious wingless genus Apteryx; and 
they have been referred by Professor Owen to several generic 
groups, of which Dinornis is the most important (fig. 257). 
Fourteen species of 7J(>7or«tr have been described by the dis- 
tinguished paleontologist just mentioned, all of them beinf 
large wingless birds of the type of the existing Ostrich, having 
enormously powerful hind-lirabs adapted for running, but with 
the wings wholly rudimentary, and the breast-bone devoid of 
the keel or ridge which characterises this bone in all birds 
which fly. The largest species is the Dinomis giganleus, one 
of the most gigantic of living or fossil birds, the shank (tibii) 
measuring a yard in length, and the total height being at least 
ten feet Another species, the Dinomis dephantoptts (fig. 357)1 
though not standing more than about six feet in height, "vas 
of an even more ponderous construction — "the framewort 
of the skeleton being the most massive of any in the whole 
class of Birds," whilst " the toe-bones almost rival those of the 
Elephant" (Owen). The feet in Dimrnis were furnished with 
three toes, and are of interest as presenting us with an un- 
doubted Bird big enough to produce the largest of the foot- 
prints of the Triassic Sandstones of Connecticut. New Zea- 
land has now been so far explored, that it seems questionable 
if it can retain in its recesses any living example oi Dinenai. 
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t it is certain that species of this genus were alive during the 
human period, and survived np to quite a recent date. Not 
only are the bones very numerous in certain localities, but 




found in the most recent and superficial deposits, and 
^ still contain a considerable proportion of animal matter; 
*hkt in some instances bones have been found with the 
^^aihers attached, or with the horny skin of the legs still ad- 
heriug to them. Charred bones have been found in connec- 
^On with native " ovens ; " and the traditions of the Maories 
'Contain circumstantial accounts of gigantic wingless Birds, the 
Moas," which were hunted both for their flesh and their 
Plnmage. Upon the whole, therefore, there can be i^q (kwht 
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but that the Moas of New Zealand have been exterminated at 
quite a recent period — perhaps within the last century — by the 
Tinrelenling pursuit of Man, — a pursuit which their wingless 
condition rendered them unable to evade, 

In Madagascar, bones have been discovered of another huge 
wingless Bird, which roust have been as large -as, or larger 
than, the Ditiornis gigatiteiis, and which has been described 
under the name of y£piomis maximvs. With the bones have 
been found eggs measuring from thirteen to fourteen inches in 
diameter, and computed to have the capacity of three Ostrich 
eggs. At least two other smaller species of -.^/Dr/Hj have been 
described by Grandidier and Milne-Edwards as occurring in 
Madagascar; and they consider the genus to be so closely allied 
to the Dinornh of New Zealand, as to prove that these regions, 
now so remote, were at one time united by laud. Unlike New 
Zealand, where there is the Apteryx, Madagascar is not known 
to possess any living wingless Birds ; but in the neighbouring 
island of Mauritius the wingless Dodo {Didus inepUts) has been 
exterminated less than three hundred years ago ; and the little 
island of Rodriguez, in the same geographical province, has in 
a similar period lost the equally wingless Solitaire {Pesophap^ 
both of these, however, being generally referred to the Raara. 
The Mammals of the Post- Pliocene period are so numerous, 
that in spite of the many points of interest which they present, 
only a few of the more important forms can be noticed here, 
and that but briefly. The first order that claims our attention 
is that of the Marsupials, the headquarters of which al the 
present day is the Australian province. In Oolitic limw 
Europe possessed its small Marsupials, and similar forms 
existed in the same area in the Eocene and Miocene periods; 
but if size be any criterion, the culminating point in the histo|T 
of the order was attained during the Post-Pliocene period in 
Australia. From deposits of 
this age there has been disen- 
tombed a whole series of re- 
mains of extinct, and for the 
most part gigantic, examples 
of this group of Quadrupeds. 
Not to speak of \Vombals and 
Phalangers, two forms stand 
out prominently as represen- 
™a]'ii. tatives of the Post-Pliocene 
animals of Australia, One of 
these is Diproioiion (fig. 258), representing, with many differ- 
ences, the well-known modern group of the Kangaroos. I»" 
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its teeth, Diprotodon shows itself to be closely allied to the 
living, grass-eating Kangaroos ; but the hind-Iimi)s were not 
so disproportionately long. In size, also, Diprotodon must 
liave many times exceeded the dimensions of the largest of 
its living successors, since the skull measures no less than 
three feet in length. The other form in question is Thylacoko 
(tiff 259) which IS beheved by Professor Owen to belong to 
the same group as the existing Native Devil {Dasyurns) of 
\ an Diemen s Land and therefore to have been flesh-eating 
and rapacious m its hibits thovit,h this view is not accepted 
by others The principal feature m the skull of Thylacoko is 




111] itduced- 



the presence, on each side of each jaw of a single huge tooth, 
which is greatly compressed, and has a cutting edge. This 
tooth is regarded by Owen as corresponding to the great cut- 
ting tooth of the jaw of the typical Carnivores but Professor 
Flower considers that Tltylacoho is rather related to the Kan- 
garoo-rats. The size of the cronn of the tooth in question is 
not less than two inches and a quarter and whether carnivo- 
rous or not, it indicates an animal of a size exceeding that of 
the largest of existing Lions. 

The order of the Edentates, comprising the existing Sloths, 
Ant-eaters, and Armadillos, and entirely restricted at the present 
day to South America, Southern Asia, and Africa, is one alike 
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singular for the limited geographical range of its members, 
their curious habits of life, and the well-marked peculiarities 
of their anatomical structure. South America is the metropo- 
lis of the existing forms ; and it is an interesting fact that there 
flourished within Post-Pliocene times in this continent, and to 
some extent in North America also, a marvellous group of ej- 
tinct Edentates, representing the living Sloths and Armadillos, 
but of gigantic size. The most celebrated of these is the huge 
n Ciivkri {?!^. z6o) of the South American Pampas. 




The Megathere was a colossal Sloth-like animal which attained 
a length of from twelve to eighteen feet, with bones more mas- 
sive than those of the Elephant. Thus the thigli-bone is 
nearly thrice the thickness of the same bone in the laigest 
of existing Elephants, its circumference at its narrowest point 
nearly equalling its total length ; the massive bones of the 
shank (tibia and fibula) are amalgamated at their extremities; 
the heel-bone (calcaneum) is nearly half a yard in length; the 
haunch-bones (ilia) are from four to five feet across at their 
crests ; and the bodies of the vertebras at the root of the tail 
are from five to seven inches in diameter, from which it lias 
been corapufed that the circumference of the tail at this part 
might have been from five to six feet The length of the fore- 
foot is about a yard, and the toes are armed with powerful 
curved claws. It is known now that the Megatliere, in spite 
of its enonnous weight and ponderous construction, walked, 
like the existing Ant-eaters and Sloths, upon the outside edge 
of the fore-feet, with the claws more or less bent inwudl 
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5 purely herbivorous in its 
!e and weight of tlie body, 
It have imitated its modem 



Owards the palm of the hand. As in the great majority of 
he Edentate order, incisor and canine teeth are entirely 
Jiting, the front ofthe jaws being toothless. The jaws, 
lOwever, are furnished with five upper and four lower molar 
:eth on each side. These grinding teeth are from seven to 
light inches in length, in the form of four-sided prisms, the 
Jowns of which are provided with well-marked transverse 
idgesj and they continue to grow during the whole life of 
; animal. There are indications that the snout was pro- 
longed, and more or less flexible; and the tongue was proba- 
cy prehensile. From the characters of the molar teeth it 
S certain that the Megathere we 
abits ; and from the enormous si 
; is equally certain that it could n 
[lies, the Sloths, in the feat of climbing, back downwards, 
Bongst the trees. It is clear, therefore, that the Megathere 
Mght its sustenance upon the ground ; and it was originally 
t|)posed to have lived upon roots. By a masterly piece of 
^uctive reasoning, however, Professor Owen showed that 
IS great " Ground-Sloth " must have truly lived upon the 
diage of trees, like the existing Sloths^but with this differ- 
llce, that instead of climbing amongst the branches, it actually 
piooted the tree bodily. In this teur de force, the animal 
|tt upon its huge haunches and mighty tail, as on a tripod. 
nd then grasping the trunk with its powerful arms, either 

inched it up by the roots or broke it short off above the 
round. Marvellous as this may seem, it can be shown that 
very detail in the skeleton of the Megathere accords with the 
npposition that it obtained its food in this waj-. Similar 
abits were followed by the allied Mylodon (fig. 261), another 
f the great " Ground-Sloths," which inhabited South America 
imng the Post-Pliocene period. In most respects, the Mylo- 

I is very like the Megathere ; but the crowns of the molar 
«th are flat instead of being ridged. The nearly-related 
'> ^tI'1'^ t'''^ Megathere, but like the Mylodon, 
(tended its range northwards as far as the United States. 
, Just as the Sloths of the present day were formerly repre- 
•nted in the same geographical area by the gigantic Megathe- 
oids, so the little banded and cuirassed Armadillos of South 
I were formerly represented by gigantic species, con- 
ituting the genus Glyptodon. The Glyptodom (fig. 262) 
iffered from the living Armadillos in having no bands in 
)eir armour, so that they must have been unable to roll 
lemselves up. It is rare at the present day to meet with any 
r two or three feet in length; but the length of 
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the Glyptodon chvipes, from the tip of the snout to the end of 
the tail, was more than nine feet. 

There are no canine or incisor teeCli in the G/yptmion, but 




by a helmet of bony plates, and the trunk was defended by an 
armour of almost hexagotvaVtumy pieces united by sutures, uwl 




FAUNA OF THE POST-PLIOCENE. 353 

Jiibiting special patterns of sculpturing in eacli species. The 
J also defended by a similar armour, and the vertebra 
ere mostly fused together so as to form a cylindrical bony 
addition to the above-mentioned forms, a number 
fcf other Edentate animals have been discovered by the re- 
arches of M. Lund in the Post-Pliocene deposits of the 
. bone-caves. Amongst these are true Ant-eaters, ' 
lArmadillos, and Sloths, many of them of gigantic size, and all ~ 
specifically or generically distinct from existing forms. 

" ' ; over the aquatic orders of the Sireniam and Ce- 
e come next to the great group of the Hoofed Quad- 
rupeds, the remains of which are very abundant in Post- 
Ipliocene deposits both in Europe and North America, 
■Amongst the Odd -toed Ungulates the most important are 
vthe Rhinoceroses, of which three species are known to have 
isted in Europe during the Post-Pliocene period. Two 
|of these are the well-known Pliocene forms, the Rhinoceros 
J and the R. megarhinus, still surviving in cJirainished 
Jpumbers ; but the most famous is the Rhinoceros tichorhinus 
. 363), or so-called " Woolly Rhinoceros." This species 



I 

^ps known not only by innumerable bones, but also by a car- 
cass, at the time of its discovery complete, which was found 
embedded in the frozen soil of Siberia towards the close of 
last century, and which was partly saved from destruction by 
the exertions of the naturalist Pallas. From this, we know 
r that the Tichorhine Rhinoceros, like its associate the Mam- 
■ moth, was provided with a coating of hair, and therefore was 
Snabled to endure a more severe climate than any existing 



species. The skin was not thrown into ihe folds which char- 
acterise most of the existing forms ; and the technical name 
of the species refers to the fact that the nostrils were com- 
pletely separated by a bony partition. The head carried two 
horns, placed one behind the other, the front one being un- 
usually large. As regards its geographical range, the Woolly 
Rhmoceros is found in Europe in vast numbers north of the 
Alps and Pyrenees, and it also abounded in Siberia ; so that 
it would appear to be a distinctly northern form, and to have 
been adapted for a temperate climate. It is not known to 
occur in Pliocene deposits, but it makes its first appearance 
in the Pre-Glacial deposits, surviving the Glacial period, and 
being found in abundance in Post-Glacial accumulations. It 
was undoubtedly a contemporary of the earlier races of men 
in Western Europe ; and it may perhaps be regarded as being 
the actual substantial kernel of some of the " Dragons " of 
fable. 

The only other Odd-toed Ungulate which needs notice is 
the so-called Equiis fosdlis of the Post-Pliocene of Europe, 
This made its appearance before tlie Glacial period, and ap- 
pears to be in reality identical with the existing Horse {Equm 
caballus). True Horses also occur in the Post-Pliocene of 
North America ; but, from some cause or another, they must 
have been exterminated before historic times. 

Amongst the Even-toed Ungulates, the great Hippopotmns 
major of the Pliocene still continued to exist in Post-Pliocene 
limes in Western Europe ; and the existing Wild Boar (S"! 
scro/a), the parent of our domestic breeds of Pigs, appeared 
for the first time. The Old World possessed extinct repre- 
sentatives of its existing Camels, and lost types of the living 
Llamas inhabited South America, Amongst the Deer, the 
Post- Pliocene accumulations have yielded the remains of 
various living species, such as the Red Deer {Ccn-us claphus), 
the Reindeer (Cervus tarandus), the Moose or Elk (^to 
malchis), and the Roebuck (Cervus capreolus), together with 
a number of extinct forms. Among the latter, the |Te*t 
"Irish Elk" {Ckrvus megaceroi) is justly celebrated both to 
its size and for the number and excellent preservation of its 
discovered remains. This extinct species (fig. 264) has been 
found principally in peat- mosses and Post-Pliocene lake- 
deposits, and is remarkable for the enormous size of the 
spreading antlers, which are widened out towards their ei- 
tremities, and attain an expanse of over ten feet from tip 
tip. It is not a genuine Elk, but is intermediate between 
the Reindeer and the Fallow-deer. Among the existing Deer 




Northern Europe, and also (under the name of the " Caribou") 
tn North Aitierica. Wlien the cold of the Glacial period be- 
came established, this boreal species was enabled to invade 
Central and Western Europe in great herds, and its remains 
are found abundantly in cave-earths and other Post-Pliocene 
deposits as far south as the Pyrenees. 

In addition to the above, the Post-Pliocene deposits of 
Europe and North America have yielded the remains of vari- 
ous Sheep and Oxen. One of the most interesting of the 
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latter is the " Urus" or Wild Bull {Bos primig€nius, fig. 265), 
whichj though much latter than auy of the existing forms, is 





FTg. 1*5,— Skull of Iht Unt5(:!-j 

believed to be specifically undistinguishable from the domes- 
tic Ox {Bos laurus), and to be possibly the ancestor of some 
of the larger European varieties of oxen. In the earlier part 
of its existence the Urus ranged over Europe and Britain in 
company with the Woolly Rhinoceros and the Mammoth; bul 
it long survived these, and does not appear to have heen 
finally exterminated till about the twelfth century. Another 
remarkable member of the Post-Pliocene Cattle, also to be- 
gin with an associate of the Mammoth and Rhinoceros, ii 
the European Bison or "Aurochs" {Bison prisctis). This 
"maned" ox formerly abounded in Europe in Post-Gladal 
tiroes, and was not rare even in the later periods of the 
Roman empire, though much diminished in numbers, and 
driven back into the wilder and more inaccessible parts of the 
country. At present this fine species has been so nearly 
exterminated that it no longer exists in Europe save in 
Lithuania, where its preservation has been secured by rigid 
protective laws. Lastly, the Post- Pliocene deposits have 
yielded the remains of the singular Jiving animal which is 
known as the Musk-ox or Musk-sheep {Ovibos moschalfi)' 
At the present day, the Musk-ox is an inhabitant of the 
" barren grounds " of Arctic America, and it is remarkable for 
the great length of '•As. Wvt. It \9, like the Reindeer, a ^ 
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iclively northern animal ; but it enjoyed during the Glacial 
period a much wider range than it lias at the present day, the 
conditions suitable for its existence being then extended over 
I considerable portion of the northern hemisphere. Thus 
remains of the Musk-Ox are found in greater or less abun- 
dance in Post-Pliocene deposits over a great part of Europe, 
extending even to the south of France; and closely-related 
■fcrms are found in similar deposits in the United States. 

Coming to the Proboscideans, we find that the Mastodotis 
seem to have disappeared in Europe at the close of the 
Pliocene period, or at the very commencement of the Post- 
Pliocene. In the New World, on the other hand, a species of 
Jdastodon {M. Anuricanus or M. Okiotkus) is found abun- 
lantly in deposits of Post - Pliocene age, from Canada to 
Texas. Very perfect skeletons of this species have been 
exhumed from morasses and swamps, and large individuals 
attained a length (exclusive of the tusks) of seventeen feet and 
.a height of eleven feet, the tusks being twelve feet in length. 
Remains of EUphants are also abundant in the Post-Pliocene 
deposits of both the Old and the New World. Amongst these, 
; find in Europe the two familiar Pliocene species E. meri- 
dionalis and E. antiquus still surviving, but in diminished 
numbers. With these are found in vast abundance the re- 
mains of the characteristic Elephant of the Post-Pliocene, the 
*ell-known "Mammoth" (Elep/ias pHmigenius), which is ac- 
companied in North America by the nearly-allied, but more 
flouthem species, the Elephas Americatius. The Mammoth (fig. 
S66) is considerably larger than the largest of the living Ele- 
ihants, the skeleton being over sixteen feet in length, exclusive 
if the tusks, and over nine feet in height The tusks are bent 
"most into a circle, and are sometimes twelve feet in length, 
^^ ;d along their curvature. In the frozen soil of Siberia 

ieveral carcasses of the Mammoth have been discovered with 
: flesh and skin still attached to the bones, the most cele- 
Sated- of these being a Mammoth which was discovered at the 
ing of this century at the mouth of the Lena,on the borders 
Of the Frozen Sea, and the skeleton of which is now preserved 
tt St Petersburg (fig. 266), From the occurrence of the remains 
if the Mammoth in vast numbers in Siberia, it might have been 
afely inferred that this ancient Elephant was able to endure a far 
lore rigorous climate than its existing congeners. This infer- 
SBce has, however, been rendered a certainty by the specimens 
1st referred to, which show that the Mammoth was protected 
[ainst the cold by a thick coat of reddish-brown wool, some 
ine or ten inches long, interspersed with strong, coarse blaKJc. 
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hair more than a foot in lengtli. The teeth of the Mammotli 
(fig. 267) are of the type of those of the existing Indian Ele- 
phant, and are found in immense numbers in certain localities. 




The Mammoth was essentially northern in its distribution, 
never passing south of a line drawn through the Pyrenees, tlie 
Alps, the northern shores of the Caspian, Lake Baikal, Ka>»- 
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schatka, and the Stanovi Mountains (Dawkins). It occurs in 
the Pre-Glacial forest-bed of Cromer in Norfolk, survived the 







Glacial period, and is found abundantly in Post-Glacial de- 
posits in France, Germany, Britain, Russia in Europe, Asia, 
and North America, being often associated with the Reindeer, 
Lemming, and Musk-ox. That it survived into the earlier 
portion of the human period is unquestionable, its remains 
having been found in a great number of instances associated 
with implements of human manufacture ; whilst in one instance 
a recognisable portrait of it has been discovered) carved on 
bone. 

Amongst other Elephants which occur in Post-Pliocene de- 
posits may be mentioned, as of special interest, the pigmy 
Elephants of Malta. One of these — the Ehphas Afeliiensis, or 
so-called "Donkey-Elephant" — was not more than four and 
a half feet in height. The other— the Ekphas Fakmeri, of 
L Busk — was still smaller, its average height at the withers not 
H exceeding two and a half to three feet. 

W Whilst herbivorous animals abounded during the Post- 

' Pliocene, we have ample evidence of the coexistence with 

them of a number of Carnivorous forms, both in the New and 

the Old World. The Bears are represented in Europe by at 

least three species, two of which — namely, the great Grizzly 

^•Sear {Ursus ferox) and the smaller Brown Bear { Ursus anlos) 

^V^— are in existence at the present day. The third speciesis the 



360 HISTORICAL PALEONTOLOGY. 

celebrated Cave-bear ( Ursus spelaus, fig. 268), which is n 
extinct. The Cave-bear exceeded in iis dituensions the largest 




EttFope. Ofx-sixth 



of modem Bears ; and its remains, as its name implies, have 
been found mainly in cavern-deposits. Enormous numbers of 
this large and ferocious species must have lived in Europe in 
Post-Glacial limes ; and that they survived into the liuman 
period, i-s clearly shown by the common association of dieir 
bones with the implements of man. They are occasionally 
accompanied by the remains of a Glutton (the Gulo spelaus), 
which does not appear to be really separable from tjie existing 
Wolverine or Glutton of nortliem regions (the Gu/o lusctu). 
In addition, we meet with the bones of the Wolf, Fox, Weasel, 
Otter Badger, Wild Cat, Panther, Hyjena, and Lion, &c, 
together with the extinct Macliairodus or " Sabre - toothed 
Tiger." The only two of these that deserve further mention 
are the HyEna and the Lion. The Cave-hyjena (Hyana 
spdiEa, fig. 269) is regarded by high authorities as nothing 
more than a variety of the living Spotted Hysena {!£. croada) 
of South Africa. This well-known species inhabited Brit^ 
and a considerable portion of Europe during a large part of 
the Post-Pliocene period ; and its remains often occur in great 
abundance. Indeed, some caves, such as the Kirkdale Cavern 
in Yorkshire, were dens inhabited during long periods by these 
animals, and thus contain the remains of numerous individuals 
and of successive generations of Hyenas, together with in- 
numerable gnawed and bitten bones of their prey. That the 
Cave-hysena was a contemporary with Man in Western Europe 
during Post-Glacial times is shown beyond a doubt by the 
n association of its bones with human implements. 
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Lastly, the so-called Cave-lion (Fflis spdaa), long supposed 
be a distiBct species, has been shown to be nothing more 




1 a large variety of the existing Lion {J^e/is ko). This 

mal inhabited Britain and Western Europe in times pos- 
br to the Glacial period, and was a contemporary of the 

'e-hy£ena. Cave-bear, Woolly Rhinoceros, and Mammoth. 

; Cave-lion also unquestionably survived into the earlier 
ifttion of the human period in Europe. 

The Post-Pliocene deposits of Europe have further yielded 
B remains of numerous Rodents — such as the Beaver, the 
Rthern Lemming, Marmots, Mice, Voles, Rabbits, &c. — to- 
iler with the gigantic extinct Beaver known as the Trogon- 
fium Cuvieri (fig. 270). The great Castoroides Ohioensis of 
? Post-Pliocene of North 
Herica is also a great ex- 

ft Beaver, which reached 
length of about five feet, 
istly, the Brazilian bone- 
" i have yielded the re- 
s of numerous Rodents 

types now characteristic 

South America, such as 

a-pigs, Capybaras, tree- c^J-J^t^X^^ ^!3S^f^^ 

tbiting Porcupines, and PiitKcni, Bnudn. 
ypus. 

llie deposits just alluded to have further yielded the 
liains of various Monkeys, such as Howling Monkeys, 
1 Monkeys, and Marmosets, ail of which belong to the 
iup of Quadrumana which is now exclusively confined to 
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the South American continent- — namely, the "Platyrhine" 
Monkeys. 

We still have very briefly to consider the occurrence of 
MaQ in Post-Phocene deposits ; but before doing so, it will be 
well to draw attention to the evidence afforded by the Post- 
Pliocene Mammals as to the climate of Western Europe at 
this period. The chief point which we have to notice is, that 
a considerable revolution of opinion has taken place on this 
point. It was originally believed that the presence of such 
animals as Elephants, Lions, the Rhinoceros, and the Hippo- 
potamus afTorded an irrefragable proof that the climate of 
Europe must have been a warm one, at any rate during Posi- 
Glacial times. Tlie existence, also, of numbers of Mammoths 
in Siberia, was further supposed to indicate that this high tem- 
perature extended itself very far north. Upon the whole, how- 
ever, the evidence is against this view. Not only is there great 
difficulty in supposing that the Arctic conditions of the Glacial 
period were immediately followed by anything warmer than a 
cold-temperate climate ; but there is nothing in the nature of 
the Mammals themselves which would absolutely forbid their 
living in a temperate climate. The Hippopotamus major, though 
probably clad in hair, offers some difficulty — since, as pointed 
out by Professor Busk, it must have required a climate suffi- 
ciently warm to insure that the rivers were not frozen over in the 
winter; but it was probably a migratory animal, and its occur- 
rence may be accounted for by this. The Woolly Rhinoceros 
and the Mammoth are known with certainty to have been pro- 
tected with a thick covering of wool and hair ; and their ex- 
tension northwards need not necessarily have been limited by 
anything except the absence of a sufficiently luxuriant vege- 
tation to afford them food. The great American Mastodon, 
though not certainly known to have possessed a hairy covering, 
has been shown to have lived upon the shoots of Spruce and 
Firs, trees characteristic of temperate regions — as shown by the 
undigested food whtch has been found with its skeleton, oc- 
cupying the place of the stomach. The Lions and Hyenas, 
again, as shown by Professor Boyd Dawkins, do not indicate 
necessarily a warm climate. Wherever a sufficiency of her- 
bivorous animals to supply them with food can live, tliere they 
can live also ; and they have therefore no special bearing upon 
the question of climate. After a review of the whole evidence, 
Professor Dawkins concludes that the nearest approach at the 
present day to the Post-Pliocene climate of Western Europe 
is to be found in the climate of the great Siberian plains which 
stretch from the Altai Mountains to the Frozen Sea. 
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by impenetrable forests, for the most part of Birch, Poplar, 
Larch, and Pines, and low creeping dwarf Cedars, they present 
every gradation in climate from the temperate to that in which 
the cold is too severe to admit of the growth of trees, which 
decrease in size as the traveller advances northwards, and are 
replaced by the grey mosses and lichens that cover the low 
marshy ' tundras.' The maximum winter cold, registered by 
Admiral Von Wrangel at Nishne Kolymsk, on the banks of 
the Kolyma, is — 65° in January, ' Then breathing becomes 
difficult ; the Reindeer, that citizen of the Polar region, with- 
draws to the deepest thicket of the forest, and stands there 
motionless as if deprived of life ; ' and trees burst asunder with 
the cold. Throughout this area roam Elks, Black Bears, 
Foxes, Sables, and Wolves, that afford subsistence to the 
Jakutian and Tungusian fur-hunters. In the northern part 
countless herds of Reindeer, Elks, Foxes, and Wolverines 
make up for the poverty of vegetation by the rich abundance 
of animal life. ' Enormous flights of Swans, Geese, and Ducks 
arrive in the spring, and seek deserts where they may moult 
and build their nests in safety. Ptarmigans run in troops 
amongst the bushes ; little Snipes are busy along the brooks 
and in the morasses ; the social Crows seek the neighbourhood 
of new habitations; and when the sun shines in spring, one 
may even sometimes hear the cheerful note of the Finch, and 
in autumn that of the Thrush.' Throughout this region of 
woods, a hardy, middle-sized breed of horses lives under the 
mastership and care of man, and is eminently adapted to bear 
the severity of the climate. . . , The only limit to their 
northern range is the difficulty of obtaining food. The severity 
of the winter through the southern portion of this vast wooded 
area is almost compensated for by the summer heat and its 
marvellous effect on vegetation." — (Dawkins, ' Monograph of 
Pleistocene Mammalia.') 

Finally, a few words must be said as to the occurrence of the 
remains of Man in Post-Pliocene deposits. That Man existed 
in Western Europe and in Britain during the Post-Pliocene 
period, is placed beyond a doubt by the occurrence of his bones 
in deposits of this age, along with the much more frequent 
occurrence of implements of human manufacture. At what 
precise point of time during the Post-Pliocene period he first 
made his appearance is still a matter of conjecture. Recent 
researches would render it probable that the early inliabitants 
of Britain and Western Europe were witnesses of the stupend- 
ous phenomena of the Glacial period ; but this cannot be said 
have been demonstrated. That Man existed m. ^Kes*. 
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regions during the Post-Glacial division of Post-Pliocene time 
cannot be doubted for a moment. As to the physical peculi- 
arities of the ancient races that lived with the Mammoth and 
the Woolly Rhinoceros, little is known compared with what 
we may some day hope to know. Such information as we 
liave, however, based principally on the skuUs of the Engis, 
Neanderthal, Cro-Magnon, and Eruniquel caverns, would lead 
to the conclusion that Post-Piiocene Man was in no respect 
inferior in his organisation to, or less highly developed than, 
many existing races. All the known skulls of this period, widi 
the single exception of the Neanderthal cranium, are in all 
respects average and normal in their characters ; and even the 
Neanderthal skull possessed a cubic capacity at least equal 10 
tliat of some existing races. The implements of Post-Pliocene 
Man are exclusively of stone or bone ; and the former sic 
invariably of rude shape and undressai. These " palteoUthic " 
tools (Gr, palaios, ancient ; lithos, stone) point to a very early 
condition of the arts ; since the men of the earher portion 
o£ the Recent period, though likewise unacquainted with the 
metals, were in the habit of polishing or dressing the stone 
implements which they fabricated. 

It is impossible here to enter further into this subject; and 
it would be useless to do so without entering as well into a 
consideration of the human remains of the Recent period— a 
period which lies outside the province of the present work. So 
far as Post-Pliocene Man is concerned, the chief points whicli 
the palsontological student has to remember have been else- 
where summarised by the author as follows : — 

I. Man unquestionably existed during the later portion of 
what Sir Charles Lyell has termed the "Post-Pliocene" period. 
In other words, Man's existence dates back to a time when 
several remarkable Mammals, previously mentioned, had not 
yet become extinct ; but he does not date back to a time 
anterior to the present Molluscan fauna. 

a. The antiquity of the so-called Post-Pliocene period is 
a-matter which must be mainly settled by the evidence of 
Geology proper, and need not be discussed here. 

3. The extinct Mammals with which man coexisted in 
Western Europe are mostly of large size, the r 
being the Mammoth {Elephas primigenius), the Woolly Rhino- 
ceros (Rhinoceros tichorhinm), the Cave-lion (Felts spdad\, the 
Cave-hyKna(^iW7iij^afei7),and the Cave-bear (Oaajj^aiiaj), 
We do not know the causes which led to the extinction of 
these Mammals ; but we know that hardly any Mammalian 
species has become exUticliutm^tWKistQtical period. 
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, The extinct Mammals with which man coexisted are re- 
ierable in many cases to species which presumably required a 
very different climate to that now prevailing in Western Europe. 
How long a period, however, has been consumed in the bring- 
ing about of the climatic changes thus indicated, we have no 
means of calculating with any approach to accuracy. 

5. Some of t!ie deposits in which the remains of man have 
been found associated with the bones of extinct Mammals, are 
such as to show incontestably that great changes in the phy- 
sical geography and surface-configuration of Western Europe 
have taken place since the period of their accumulation. We 
have, however, no means at present of judging of the lapse of 
time thus indicated except by analogies and comparisons which 
may be disputed. 

6. The human implements. which are associated with the 
remains of extinct Mammals, themselves bear evidence of an 
exceedingly barbarous condition of the human species. Post- 
Pliocene or " Paljeolithic " Man was clearly unacquainted with 
the use of any of the metals. Not only so, but the workman- 
ship of these ancient races was much inferior to that of the 
later tribes, who were also ignorant of the metals, and who 
also used nothing but weapons and tools of stone, bone, &c. 

7. Lastly, it is only with the human remains of the Post- 
Pliocene period that the paleontologist proper has to deal. 
When we enter the " Recent " period, in which the remains of 
Man are associated with those of existing species of Mammals, 
we pass out of the region of pure palfeontology into the do- 

faain of the Archaeologist and the Ethnologist. 
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CHAPTER XXIII. 

THE SUCCESSION OF UFE UPON THE GLOBE. 

In conclusion, it may not be out of place if we attempt to 
^ summarise, in the briefest possible manner, some of the prin- 
' dpal results which may be deduced as to the succession of 
life upon the earth from the facts which have in the preceding 
portion of this work been passed in review. That there was 
a time when the earth was void of life is universally admitted, 
though it may be that the geological record gives us no direct 
evidence of this. That the globe of to-day is peopled with 
innumerable forms of life whose term of existence has been, 
for the most part, but as it were of yesterday, is likewise an 
assertion beyond dispute. Can we in any way connect the 
present with the remote pastj and can we indicate even im- 
perfectly the conditions and laws under which the existing 
order was brought about? The long series of fossiliferous 
deposits, with iheir almost countless organic remains, is the 
link between what has been and what is ; and if any answer 
to the above question can be arrived at, it will be by the 
careful and conscientious study of the facts of Paljeontology. 
In the present state of our knowledge, it may be safely said 
that anything like a dogmatic or positive opinion as to the 
precise sequence of living forms upon the globe, and still 
more as to the manner in which this sequence may have been 
brought about, is incapable of scientific proof. There are, 
however, certain general deductions from the known facts 
which may be regarded as certainly established. 

In the first place, it is certain that there has been a succession 
of life upon the earth, different specific and generic types suc- 
ceeding one another in successive periods. It follows from 
this, that the animals and plants with which we are familiar as 
living, were not always upon the earth, but that they have been 
preceded by numerous races more or less diifering from them. 
What is true of the species of animals and plants, is true also 
of the higher zoological divisions; and it is, in the second 
place, quite certain that there has been a similar succession in 
the order of appearance of the primary groups (" sub-king- 
doms," "classes," &c.) of animals and vegetables. These 
great groups did not all come into existence at once, but they 
made their appearance successively. It is true that we can- 
not be said to be certainly acquainted with the first absolute 



HISTORICAL PAL.EONTOLOGV. 

appearance of any great group of animals. No one dare 
assert positively that the apparent first appearance of Fishes 
in the Upper Silurian is really their first introduction upon the 
earth : indeed, there is a strong probability against any such 
supposition. To whatever extent, however, future discoveries 
may push back the first advent of any or of all of the great 
groups of life, there is no likelihood thai anything will be found 
out which will materially alter the relative succession of liiese 
groups as at present known to us. It is not likely, for 
cKample, that the future has in store for cs any discovety by 
which it would be shown that Fishes were in existence before 
Molluscs, or that Mammals made their appearance before 
Fishes. The sub-kingdoms of Invertebrate animals were all 
represented in Cambrian times— and it might therefore be in- 
ferred that these had all come simultaneously into existence; 
but it is clear that this inference, though incapable of actual 
disproof, is in the last degree improbable. Anterior to the 
Cambrian is the great series of the Laurentian, which, owing 
to the metamorphism to which it has been subjected, has so 
far yielded but the singular EosoSn. We may be certiin, 
however, that others of the Invertebrate sub-kingdoms besides 
the Protozoa were in existence in the Laurentian period; and 
we may infer from known analogies that they appeared suc- 
cessively, and not simultaneously. 

When we come to smaller divisions than the sub-king- 
doms — such as classes, orders, and families — a similar suc- 
cession of groups is observable, The different classes of 
any given sub-kingdom, or the different orders of any given 
class, do not make their appearance together and all at once, 
but they are introduced upon the earth in succession. More 
than this, the different classes of a sub-kingdom, or the differ- 
ent orders of a class, iit the main succeed one another in the 
relative order of their zoological rank — the lower groups afpear- 
ing first and Ike higher groups last. It is true that in the 
Cambrian formation — the earliest series of sediments in which 
fossils are abundant — we find numerous groups, some very 
low, others very high, in the zoological scale, which appar 
to have simultaneously flashed into existence. For reasons 
stated above, however, we cannot accept this appearance as 
real ; and we must believe that many of the Cambrian groups 
of animals really came into being long before the commence- 
ment of the Cambrian period. At any rate, in the long series 
of fossiliferous deposits of later date than the Cambrian the 
above-stated rule holds good as a broad generalisation — that 
the lower groups, namely, precede the higher in point of time ; 
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and though there are apparent exceptions to the rule, there 
are none of such a nature as not to admit of explanation. 
Some of the leading faets upon which this generalisation is 
founded will be enumerated immediately; but it will be well, 
in the first place, to consider briefly what we precisely mean 
when we speak of " higher " and " lower " groups. 

It is well known that naturalists are in the habit of " clas- 
sifying" the innumerable animals which now exist upon the 
globe ; or, in other words, of systematically arranging them into 
groups. The precise arrangement adopted by one naturalist 
may differ in minor detaOs from that adopted by another; but 
all are agreed as to the fundamental points of classification, 
and all, therefore, agree in placing certain groups in a certain 
sequence. What, then, is the principle upon which this 
sequence is based ? Why, for example, are the Sponges placed 
below the Corals; these below the Sea-urchins; and these, again, 
below the Shell-fish? Without entering into a discussion of 
the principles of zoological classification, which would here be 
out of place, it must be sufficient to say that the sequence in 
question is based upon the relative type of organisation of the 
groups of animals classified. The Corals are placed above the 
Sponges upon the ground that, regarded as a whole, the plan 
or type of structure of a Coral is more complex than that of a 
Sponge. It is not in the slightest degree that the Sponge is in 
any respect less highly organised or less perfect, as a Sponge, 
than is the Coral as a Coral. Each is equally perfect in its 
own way ; but the structural pattern of the Cor^ is the highest, 
and therefore it occupies a higher place in the zoological scale. 
It is upon this principle, then, that the primary subdivisions 
of the animal kingdom (the so-called "sub-kingdoms") are 
arranged in a certain order. Coming, again, to the minor 
subdivisions (classes, orders, &c) of each sub-kingdom, we 
find a different but entirely analogous principle employed as a 
means of classification. The numerous animals belonging to 
any given sub-kingdom are formed upon the same fundamental 
plan of structure ; but they nevertheless admit of being ar- 
ranged in a regular series of groups. All the Shell-fish, for 
example, are built upon a common plan, this plan representing 
the ideal Mollusc; but there are at the same time various 
groups of the Mollmca, and these groups admit of an arrange- 
ment in a given sequence. The principle adopted in this case 
is simply of the reiaiive elaboration of the common type. The 
Oysterisbuilt upon the same ground-plan as the Cuttle-fish; but 
tills plan is carried out with much greater elaboration, and with 
many more complexities, in the latter than in the former : and. 
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in accordance with this, the Cephalopoda constitute a 
group than the Bivalve Shell-fish. As in the case of superiority 
of structural type, so in this case also, it is not in the least that 
the Oyster is an imperfect animaL On the contrary, it is just 
as perfectly adapted by its organisation to till its own sphere 
and to meet the exigencies of its own existence as is the 
Cuttle-fish ; but the latter lives a life whicii is, physiologically, 
higher than the former, and its organisation is correspondingly 
increased in complexity. 

This being understood, it may be repeated that, in the 
main, the succession of life upon the globe in point of time 
has corresponded with the relative order of succession of the 
great groups of animals in zoological rank ; and some of the 
more striking examples of this may be here alluded to. 
Amongst the Echitwderms, for instance, the two orders gen- 
erally admitted to be the "lowest" in the zoological scale- 
namely, the Criiioids and the Cysieids — are likewise the oldest, 
both appearing in the Cambrian, the former slowly dying out 
as we approach the Recent period, and the latter disappearing 
wholly before the close of the Paleozoic period. Amongst the 
Crustaceans, the ancient groups of the Trilobites, Ostracodes, 
Phyllopods, Eurypterids, and Limuloids, some of which exist 
at the present day, are all "low" types; whereas the highly- 
organised Decapods do not make their appearance till near the 
close of the Paleozoic epoch, and they do not become abun- 
dant till we reach Mesozoic times. Amongst the Mollusca, 
those Bivalves which possess breathing-tubes (the "siphonate 
Bivalves) are generally admitted to be higher than those which 
are destitute of these organs (the "asiphonate" Bivalves); and 
the latter are esjjecially characteristic of the Palseozoic period, 
whilst the forftier abound in Mesozoic and Kainozoic forma- 
tions. Similarly, the Univalves with breathing-tubes and a 
corresponding notch in the mouth of the shell (" siphonosto- 
matous " "Univalves) are regarded as higher in the scale than 
the round-mouthed vegetable-eating Sea-snails, in which no 
respiratory siphons exist ("holostomatous" Univalves); but 
the latter abound in the Palasozoic rocks — whereas the former 
do not make their appearance till the Jurassic period, and 
their higher groups do not seem to have existed till the close 
of the Cretaceous. The Cephalopods, again — the highest of all 
the groups of Mollusca — are represented in the Palfeozoic 
rocks exclusively by Tetrabranchiate forms, which constitute 
the lowest of the two orders of this class ; whereas the more 
highly specialised Dibranchiates do not make their appearance 
i\\l Ihe commencement ot the Mesozoic The FalseoKOic 
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' Tetrabranchiates, also, are of a much simpler type than the 
' highly complex Animonitidce of the Mesozoic. 

Similar facts are observable amongst the Verlebrate animals. 
The Fishes are the lowest class of Vertebrates, and they are 
the first to appear, their first certain occurrence being in the 
Upper Silurian ; whilst, even if the Lower Silurian and Upper 
Cambrian " Conodonts " were shown to be the teeth of Fishes, 
there would still remain the enormously long periods of the 
Laurentian and Lower Cambrian, during which there were In- 
vertebrates, but no Vertebrates. The Amphibians, the next 
class in zoological order, appears later than the Fishes, and 
is not represented till the Carboniferous; whilst its highest 
. roup (thai of the Frogs and Toads) does not make its entrance 
ipon the scene till Tertiary times are reached. The class of 
he Reptiles, again, the next in order, does not appear till 
he Permian, and therefore not till after Amphibians of very 
■aried forms had been in existence for a protracted period, 
rhe Birds seem to be undoubtedly later than the Reptiles ; 
«t, owing to the uncertainty as to the exact point of their first 
ppearance, it cannot be positively asserted that they pre- 
■ded Mammals, as they should have done. Finally, the 
tesozoic types o{ Mammals are mainly, if not exclusively, 
tferable to the Marsupials, one of the lowest orders of the 
lass ; whilst the higher orders of the " Placental " Quadrupeds 
Je not with certainty known to have existed prior lo the com- 
nencement of the Tertiary period. 

Facts of a very similar nature are offered by the succession 
f Plants upon the globe. Thus the vegetation of the Palffio- 
oic period consisted principally of the lowly-organised groups 
t the Cryptogamous or Flowerless plants. The Mesozoic 
jrmations, up to the Chalk, are especially characterised by the 
aked-seeded Flowering plants — -the Conifers aud the Cycads ; 
*ilsf the higher groups of the Angiospermous Exogens and 
Monocotyledons characterise the Upper Cretaceous and Ter- 
iary rocks. 

Facts of the above nature^and they could be greatly multi- 
lied — seem to point clearly to the existence of some law of 
regression, though we certainl}' are not yet in a position to 
prmulate this law, or to indicate the precise manner in which 
I has operated. Two considerations, also, must not be over- 
"»ked- In the first place, there are various groups, some of 
iem highly organised, which make their appearance at an ex- 
tremely ancient date, but which continue throughout geological 
time almost unchanged, and certainly unprogressive. Many of 
these " persistent types " are known — such as varioo^ <A ^lNt 
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Foraminifera, the Lingula, the Nautili, &c. ; and they indicate 
that under given conditions, at present unknown to us, it is 
possible for a iife-forra to subsist for an almost indefinite period 
without any important modification of its structure. In the 
second place, whilst the facts above mentioned point to some 
general law of progression of the great zoological groups, it 
cannot be asserted that the primeval types of any given group 
are necessarily " lower," zoologically speaking, than their 
modem representatives. Nor does this seem to he at all 
necessary for the establishment of the law in question. It 
cannot be asserted, for example, that the Ganoid and Placoid 
Fishes of the Upper Silurian are in themselves less highly 
organised than their existing representatives ; nor can it even 
be asserted that the Ganoid and Placoid orders are low groups 
of the class Piscis. On the contrary, they are high groups ; 
but then it must be remembered that these are probably not 
really the first Fishes, and that if we meet with Fishes at some 
future time in the Lower Silurian or Cambrian, these may 
easily prove to be representarives of the lower orders of the 
class. This question cannot be fiirther entered into here, as 
its discussion could be carried out to an almost unlimited 
length; but whilst there are facts pointing both ways, it 
appears that at present we are not justified in asserting that the 
earlier types of each group — so far as these are knoivn to us, 
or really are without predecessors — are necessarily or invariably 
more " degraded " or " embrj'onic " in their stmcture than 
their more modem representatives. 

It remains to consider very briefly how far Palasontology 
supports the doctrine of " Evolution," as it is called ; and this, 
too, is a question of almost infinite dimensions, which can but 
be glanced at here. Does Paleontology teach us that the 
almost innumerable kinds of animals and plants which we 
know to have successively flourished upon the earth in past 
times were produced separately and wholly independently of 
each other, at successive periods? or does it point to the 
theory that a large number of these supposed distinct forms 
have been in reality produced by the slow modification of a 
comparatively smalt number of primitive types ? Upon the 
whole, it must be unhesitatingly replied that the evidence of 
Pakeontology is in favour of the view that the succession of 
life-forms upon the globe has been to a large extent regulated 
by some orderly and constantly-acting law of modification a 
evolution. Upon no other theory can we comprehend how 
the fauna of any given formation is more closely related to 
that of the formation nexx bdow in the series, and to tha(.<tf i 
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Y the formation next above, than to that of any other series of 
deposits. Upon no other view can we comprehend why the 
Post-Tertiary Mammals of South America should consist prin- 
cipally of Edentates, Llamas, Tapirs, Peccaries, Platyrhine 
Monkeys, and other fonns now characterising this continent ; 
whilst those of Australia should be wholly referable to the 
order of Marsupials. On no other view can we explain the 
common occurrence of " intermediate " or " transitional " 
forms of life, filling in the gaps between groups now widely 
distinct. 

On the other hand, there are facts which point clearly to the 
existence of some law other than that of evolution, and pro- 
k bably of a deeper and more far-reaching character. Upon no 
litheory of evolution can we find a satisfactory explanation for 
I the constant introduction throughout geological time of new 
B- forms of life, which do not appear to have been preceded by 
I jH'e-existent allied types. The Graptolites and Trilobites have 
I BO known predecessors, and leave no known successors. Tlie 
rlnsects appear suddenly in the Devonian, and the Arachnides 
f ^nd Myriapods in the Carboniferons, under well-differentiated 
Rjuid highly-specialistd types. The Dibranchiate Cephalopods 
fc appear with equal apparent suddenness in the older Mesozoic 
fdeposits, and no known type of the Palseozoic period can be 

■ pointed to as a possible ancestor. The Ifippuri/ida of the 

■ Cretaceous burst into a varied life to all appearance almost 

■ immediately after their first introduction into existence. The 
f wonderful Dicotyledonous flora of the Upper Cretaceous 
I period similarly surprises us without any prophetic annuncia- 
L don from the older Jurassic. 

I Many other instances could be given ; but enough has been 
ft«^d to show that there is a good deal to be said on both sides, 
El and that the problem is one environed with profound difficul- 
I ties. One point only seems now to be universally conceded, 
Land that is, that the record of life in past time is not interrupted 
MIbv gaps other than those due to the necessary imperfections of 
Kpe fossiliferous series, to the fact that many animals are in- 
^Kipable of preservation in a fossil condition, or to other causes 
^Bf a like nature. All those who are entitled to speak on tliis 
H&ead are agreed that the introduction of new and the destruc- 
tion of old species have been slow and gradual processes, in no 
^■ense of the terra " catastrophistic." Most are also willing to 
^■dmit that " Evolution " has taken place in the past, to a 
Hkreater or less extent, and that a greater or less number of so- 
^Balled species of fossil animals are really the modified descend- 
H^ts of pre-existent forms. J^ito this process of evolution has 
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been efifected, to what extent it has taken place, under what 
conditions and laws it has been carried out, and how far it 
may be regarded as merely auxiliary and supplemental to some 
deeper law of change and progress, are questions to which, in 
spite of the brilliant generalisations of Darwin, no satis&ctory 
answer can as yet be given. In the successful solution of this 
problem — ^if soluble with the materials available to our hands 
— ^will lie the greatest triumph that Palaeontology can hope to 
attain ; and there is reason to think that, thanks to the guiding- 
clue afforded by the genius of the author of the * Origin of 
Species,' we are at least on the road to a sure, though it may 
be a far-distant, victory. 
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TABULAR VIEW OF THE CHIEF DIVISIONS 
OF THE ANIMAL KINGDOM. 



INVERTEBRATE ANIMALS. 

Sub -KING DOM I.— Protozoa. 
Animal simple or compound ; body composed of "sareode," not de- 
liriitely segmented ; no ncrvou9 system; andnodigeitiveappantus, beyond 
occasionally a mOQlh and gulleL 
Class I. GREOARiNm.«.** 

Cl.ASS II. RHteOPODA. 

Order I. Monira." 
•\ a. Amtsbta." 

ti 3. Forandnifira. 

II 4. Radiolana (Polycystines, &C.) 
>i 5. .^oH^i/a (Sponges). 

Class III. Infusoria." 

Sub-kingdom H.— Ccelenterata. 

Animal simple or compound ; body-wall composed of two principa.1 
ItLjers; digestive cnna.1 freely communicating with the general cavity of the 
body ; no circulatiiig organs, and no nervous system or a rudimentary one ; 
month surrounded by tentacles, arranged, like the inlemal oi^ns, in a 
"radiate" or at nr-like manner. 
Class I, Hydkozoa. 

Suh-dass I. Hydroida ("Hydroid Zoophytes"). Ex. Fresh- 
water Polypes, *• Pipe - corallines ( Tubularia^, Sea - Firs 
(Scrtularia). 
Sub-class 2. Sifhonophara— ("Oceanic Hydroioa"}. Ex. 
Portngnese Man-of-war {.FhyaUia). 
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SitMass J. -Diifi'/Ao™ ("Jelly-fibhes"). Only kiio 

by impressions of their stranded carcasses. 
Sni-clasi 4. Lucemarida {" Sea-blubbers"). Also only kno«a' 

3S fosfdls by impressions left in tine-grained strata, 
Sai-c/ats 5. GraplotitidiB * (" GraploUtes"). 
Class II. Actin-ozoa. 

Order I. Zoanlharia. Ex. Sea- anemones *' (Actinida), Stcx- 

corals [Aslmida). 
Ord/r 2, AUyoitarm. Ex. Sea-pens {PmHalula), Organ-pipt 

Coral (Tubipora), Red Coral {Cerallium). 
Order 3. Riigosii ("Rugose Corals"). 

.1 4. Ctatepkora.** Ex. Venus's Girdle (C«;h;«). 

SUB-KINCDOM III.— Ansuloida. 

Animals in which the di^esiive canal is completely shut off from the 

cavity of Ibe body: a distinct nervous system; a system of branchei 

" water- vessels," which usually communicate with the 

the adult often "radiate,'' and never composed of a succession of deEluC^ 

Class I. Echinodermata. 

Ordtr I. Crinaidca ("Sea-lilies"). Ex. Feather. 

tula). Stone-lily (£i«T(Bi«"). 
Order 2. Blosleidea' (" Pentremites"). 

.1 3. Cj-rfowtfl* ("Globe-lilies"). 

.1 A nfthmrmAm i" RriJTlfr.«om" 
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II 4. OpAiuroidea {" BriUle-s} 

ura). Brittle-stars lOpkiaconia). 
Order $. Asferaidea ("Star-fishes"). Ex. Cross-fish (i/ras/er)^ — 

Sun-star {Solaslrr). 
Order 6. Echiioidea ("Sea-urchins"). Ex. Sea-e^s (gf^iiim).j c ^ 

Heart-nrchins (Spaiangus). 
Order 7. Holotkuroidea (" Sea-cucumbers"). Ex. Trepang-"^ 

{Holelkuria). 

Class II. Scoleciba" (Intestinal Worms, Wheel Animalcules, &c,L 



Sub- KINGDOM IV. — Annulosa. 
Animal composed of numerous definite segments placed one behind tl 
Other ; nervous system forming a knotted cord placed along the lower 
(ventral) surface of the body. 

Division A. Anarthropoda. No jointed limbs. 
Class I. Gephtkea" ("Spoon-worms"), 
Class II. Annelida ("Ringed-worms"). £jr. Leeches"* {Himdiat^i 

Earthworms*" (Oligcchsta), Tube-worms {Tubicala), Sea-wornB I 
aud Sea-Centi pedes {Errantid). 
Class III. Cilstognatha" ("Arrow-worms"). 

Disision B. Arthropoda or Arliculata. Limbs jointed to the body. 

Class 1. Crustacea ("Crustaceans"). Ex. Barnacles and Acom- 

shells {Cirripedid), Water-fleas (Oslracoda), Brine-shrimpa and 

Fairy-shrimps {PhyllDpoda), Trilobites " (Trikbila), King-crabs 

and Euiypterids* {Meresloiimta), Wood-lice and Slaters (Rcpoda), 
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LASS II. Arachnid*. Ex. Mites {Acarina), Scoqjions (Pidipalpi), 
Spiders {Aramida\. 

IIL Myriapod*. Ex. Centipedes {Chiiapoda), Millipedes and 
Galley-worms {C/iilognaIha). 

Lass IV. Insecva ("Insects"). Ex. Field-bugs (//enK>Cfl'a) ; Crick- 
ets, GrassliDppers, &c. (Orlhoplira) ; Dragon-flies and May-flies 
(Nmroplera) ; Gnats and House-flies {Dipiera) ; Bntterflies and 
ifoths (Lepidopler^ ; Bees, Wasps, and Ants {,Hymtnoptera\ ; 
Beetles {CoUopta-a). 

Sub KINGDOM v.— MOLLUSCA. 

Aiiimal soft-bodied, generally with a hard covering or shell ; no dis- 
■ segmentation of the body ; nervous system of scattered masses. 
iS I. PoLVZOA ("Sea-Mosses"), £x. Sea-mats {Flustra), Lace- 
corals {Fentstdlidn'). 

II. Tunicata" ("Tunicaiies"). Ex. Sea-squirts (^i^m). 
IIL Brachiopoda ("Lamp-shells"). Ex. Goose-bill Lamp- 
shell (Lingula). 

[Xass IV. Lam ELL I BR ANC HI ATA {"Bivalves"). Ex. Oyster {Osirm), 
Mussel (Mylilu!), Scallop {Pecten), Cockle {Cardium). 

V. Gasteroi'ODA ("Univalves"). Ex. Whelks (Bucdnum), 
Limpets (/"n/fiKi)! Sea-slugs" (/Aim), Land-snails (tfe/i>). 

VI. PTEKOtODA (" Winged Snails"). Ei. Hyalia, Cleodora. 

VIL Cephalopoda ("Cuttle-fishes"). Ex. CaJamary [LoligB), 
Poulpe (Octopus), Paper Nautilus {Argonaiila), Pearly Nautilus 
{Nautiliti), Belemailes,* Orthoceratites, ' Ammonites.* 



VERTEBRATE ANIMALS. 
Sub-kingdom VI.— Vertebrata. 

Body composed of definite segments arranged longitudinally one behind 

be other; main masses of the nervous system placed doisally; a back- 

lone or "vertebral column" in the majority. 

Jlass L Pisces (" Fishes"). Ex. LMicelet"* {Amphioxus) ; Lampreys 
and Hag.fishes [MariipoiraHcMi") ; Herring, Salmon, Perch, ike 
{TtUoita oi " Bony Fishes ") J Gar-pike, Sturgeon, &c. {Gatieida); 
Sharks, Dc^-fishes, Rays, &c. (ElasniobratKhii or " Flacoids"). 

Xass II. Amphibia ("Amphibians"). Ex. LabyHnihodtniia* Cte- 
citians,** Newts and Salamanders (W-rsaMij, Frogs and Toads 
{An^ra). 

XaSS IIL Reptilia ("Reptiles"). Es. Ddnosauria* Plirosauria* 
Anamodontia* F]e5iosi.aTs {Saurop/erygia*), Ichthyosanrs (/f-4/A_j^ 
e^erygia-). Tortoises and Turtles (CMonia), Snakes (Opiidia), 
Lizards {Laarlilia), Crocodiles (Crocodilia). 
IV. AVES ("Birds"). Ex. Toothed Birds {Odaiifomitlla*); 
Liiard-tailed Birds (Archsoplayx ' j ; Ducks, Geese, Gulls, te. 
(Nataiores) ; Storks, Herons, Snipes, Plovers, Ac. {Grallt^Bri!) ; 
Ostrich, Emeu, Cassowary, Dinorais,* ^piomis,* &c. {Ciirsora) ; 
Fowls, Game Birds, and Doves {Rasores) ; Cuckoos, Woodpeckers, 
Parrots, &c. (Scaiisores) ; Crows, Starlmgs, Finches, Humming- 
birds, Swallows, &c. (Iniasorei) ; Owls, Hawks, Eagles, Vallures 



. Mamualm ("Quadnipeds"), Ex. Duck-mole and S 

" r (Mstiatremala"); Kangaioos, Fhalangcrs, Opoa 

in Devil, &c. (Marsafialia) ; Sloths, Ant-enters, A 
dillos (Edmtala) ; Manalees and Dugongs (■Sirfliiii) ; Wh 
Dolphins, Porpoises (Cilacea) ; RhinocMos, Tapir, Horses, 
popoLitmus, Pigs. Camels and Llamas, Giraffes, Deer, ADld< 
Sheep, Goats, Oxen (Ungulala) ; Hjrax (Hyracoidta") ; 
phants. Mastodon,* Deinotherium " {Probotdda) ; Sesls, W» 
Bears, Dogs, Wolves, Cats, Lions, Tigers, &c {Coram 
Hares, Rabbits, Porcupines, Beavers, Rats, Mice, Lentm 
SquirreK Marmots, &c. (Redmlia) ; Bals (CkeirB^d) \ M 
Shrew-mice, Hedgehogs (iHSstvusra) ; Lemurs, Spider-monl 
Macaques, Baboons, K^a (Quadnipiana') ; 'Hi&Ti \,Bimana\ 



m 
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Abdojon (Lat. aJtdo, I conceal). The posterior cavity of the body, contain- 
ing the inteatinea and others of the liscera. In msny Invertebrates there 
is no Be^iaratton of the hody-cavity into thoraK and nMonien, and it ia only 
in the higher AnmdasaVa&i a distinct al;domen can be said to exist. 

Abbbeaht (Lat aherro, I wander away). Departing from the regular type. 

ABnoRUAI. (Lat. ah, Avm ; Mjnaa, a rule). Irregular ; deviating from tlio 
ordinary standard. 

AcDODua (Qr. akma, high ; odoai, tooth). A genua of the Cestracionl fishes. 
«o called, from the elevated teeth. 

AiTHOaEMa (Gr, aJeros, high ; gentua 
height by addttiona made to the a 
bases of the leaves. 

AcBOTBBTA (Gr. aJcros, high ; trilos, pierced). A genns of Brachiopoda, so 
called from the presence of a foramen at the summit of the shell. 

AcmttboBitroa (Gt, alUin, a ray ; krinoit, a lily). A genns of &inoids. 

ACTEIOZOA (Or. cMin, a ray ; and mSn, an animal). That division of tlie 
Gxlejileraia of which the Bea-anemone« may he taken as the type. 

JEaLUtA (^gli, a sea-nymph). A genus of IVilobites. 

Meiowxa (Qr. aipia, buge; amis, bird). A genns of gigantic Cursorial 

AoHOBTUB (Or. a, not ; gignoako, I Imon). A genus of Trllobitea. 
AUJBB (Lat. alcti, elk). The European Elk or Moose. 
AUHiTO (the proper name of one of the Furies). A genua of Polytoa. 
ALBTHOPTEWa (G^. olilhls, true ; plerw, fern), A genua of Ferns. 
[t Aloje (Lat. rUga, a marine plant). The order of plants compiislng the Sea- 
— la and many fresh-ivater plants. 

'TS (Lat. alvui, belly). Applied to the sockets of the teeth. 
~7B (Or. amhlmi, blunt ; ptenm, fin). An order of Ganoid Fiahea. 
t (Gr. anUiSn, a baas; Dniuc, claw). A genns of Falsozolc Bi- 

AMBUhACOi. (Lat, ambulacrum, a place for walking). The perforated spaces 

or "avenues" through wliich are protruded the tube-feet, by msAus of which 

locomotion is efieeted in the Echmodeifnala. 
Ajatomimm. A family of Tetrabronchiate Cepbatopods, so called from the 

reaamblanee of the slieU of the type-genna, Aianumitei, to the homa of the 

Egyptian God, Jupiter-Ammon. 
AUOHFBOZDA (Gr. a, without ; morpJie, shape ; aeSn, animal). A name aomt- 

times used to designate the Sponges. 

& (Qr. ampin, both; iios, life). The Frogs, Newta, and the lile, 
'" when yoong, but can always breathe air directly when 



? (Gr. ampin. 



—implying doubt ; kiiSn, dog). 
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Amphilestes (Gr. amphi, both; iSstSs, a thief). A genus of Jurassic Mam- 
mals. 
Amphispongia (Gr. amphi, both; spoggos, sponge). A genus of Silurian 

sponges. 
Amphisteqina (Gr. amphi, both ; ste^iy roof). A genus of Foraminifera. 
Amphitherium (Gr. amphi, both ; therion, beast). A genus of Jurassic Mam- 
mals. 
Amphitraqulus (Gr. amphi, both ; dim. of tragos, goat). An extinct genus 

related to the living Musk-deer. 
Amplexus (Lat. an embrace). A genus of Rugose Corals. 
Ampyx (Gr. ampux, a wreath or wheel). A genus of Trilobites. 
Anarthropoda (Gr. a, without ; arthros, a joint ; pous, foot). That division 

of Annulose animals in which there are no articulated appendages. 
Anchitheridm (Gr. agchi, near ; therion, beast). An extinct genus of Mammals. 
Ancyloceras (Gr. agktdos, crooked; ceras, horn). A genus ot Ammonitidce. 
Ancylotherium (Gr. agkulos, crooked ; therion, beast). An extinct genus of 

Edentate Mammals. 
Andrias (Gr. andrias, image of man). An extinct genus of tailed Amphi- 
bians. 
Anqiosperms (Gr. angeion, a vessel ; sperma, seed). Plants which have their 

seeds enclosed in a seed-vessel. 
Annelida (a Gallicised form of Annulaia), The Ringed Worms, which form 

one of the divisions of the Anarthropoda. 
Annularia (Lat. anrnUvs, a ring). A genus of Palaeozoic plants, with leaves 

in whorls. 
Anndlosa (Lat. annvlus), 'Ilie sub-kingdom comprising the Anarthropoda 

and the Arthropoda or Articulata, in all of which the body is more or less 

evidently composed of a succession of rings. 
Anomodontia (Gr. anoinos, irregular; odous, tooth). An extinct order of 

Reptiles, often called Dicynodmtia. 
Anomura (Gr. anoTnos, irregular ; oura, tail). A tribe of Decapod Crustacea, 

of which the Hermit-crab is the type. 
Anoplotheridje (Gr. anoplos, unarmed ; ther, beast). A family of Tertiary 

Ungulates. 
Anoura (Gr. a, without ; oura, tail). The order of Amphibia comprising the 

Frogs and Toads, in which the adult is destitute of a tail. Often called 

Batrachia. 
Antenna (Lat. antenna, a yard-arm). The jointed horns or feelers possessed 

by the majority of the Articulata. 
Antennules (dim. of Antennoe). Applied to the smaller pair of antennae in 

the Crustacea. 
Anthracosaurus (Gr. anthrax, coal ; saura, lizard). A genus of Labyrintho- 

dont Amphibians. 
Anthrapaljbmon (Gr. anthrax, coal ; paloemdn, a prawn — originally a proper 

name). A genus of long-tailed Crustaceans from the Coal-measures. 
Antlers. Properly the branches of the horns of the Deer tribe {Cervidce), but 

generally applied to the entire horns. 
ApiocRiNiD-a: (Gr. apion, a pear ; krinon, lily). A family of Crinoids — the 

* * Pear-encrinites." 
APTERYX<Gr. a, without ; pterux, a wing). A wingless bird of New Zealand, 

belonging to the order Cursores. 
Aqueous (Lat. agua, water). Formed in or by water. 
Arachnida (Gr. arachne, a spider). A class of the Articulata, comprising 

Spiders, Scorpions, and allied animals. 
Arborescent. Branched like a tree. 
Archjeocidaris (Gr. archaios, ancient ; Lat. cidaris, a diadem). A Palseo- 

zoic genus of Sea-urchins, related to the existing Cidaris. 
Arch^ocyathus (Gr. archaios, ancient ; kuathos, cup). A genus of Palaeozoic 

fossils allied to the Sponges. 
Arch^opteryx (Gr. archaios, ancient ; pterux, a wing). The singular fossil 

bird which alone constitutes the order of the Saururce. 



s.bcnr; *!««, dog). Ane: 

, or com poaert of grains of s 

, "ena, Band ; «Ai, I inhabit). „ _ 

s Buppoaed to be formed by wonna reaembling the living Lobwomis 

Articdlata {Lat. articalus, a joint)' A division of the animal kingdom, com- 
prising I^sei'ta, CViitipedes, Spiders, and Onstaceana, ohsnifit«riaed by the 
iiiASf Bsioii ni iointi'il lioJieB or jointed liinbe. The term AHhropoda ia now 
Uiore usHnlly oiuploytd. 

Ahtiodaotyl.i (Ui-. arlins, even ; dakttitos, a. iinger or toe). A dlviaion. of the 
hijofrd iiiiadi-uptds {I'li'jiilata) in wliich eauli foot has an even onmher of 
toes (two or fonr). 

Aa,vrnx;a ((Jr. luaphli, obscure}. A genna of Trllobites. 

AscocERAS (Gr. osfeji, a leather bottle ; keras, horn). A genua of Tetrabrau- 
I'hifltb C>ijh!Jopod8. 

Asu-HONATK. Xot poflSeasing a respiratory tulie or aiphon. (Applied to a 
division of the LameUibraMhiate Molluacs.) 

Asteroid (Gr. ailer, a. star ; and ddos, form). Star-aliaped, or possessing 

radiating lobes or rays like a star-fish. 
AsTEBOIDEA. AD Order of Eehinodtmaala, comprising the Star-Hshes, charac- 
terised by their [syed form. 

iSTBBOPBYijjTBa {Qr. osUr, a star ; jihulUin, leaf). A genus of PalEeozoie 
plants, with leares in vhorls. 

ABTHW.DM (Or. Astnat, a proper name). The family of the Star-corals. 

AsrixosPONGiA (Gr. a, without ; livioa, a column ; spogyos, a sponge). A 
genua of Silnrlan Spongea. 

Athtris (Gr. n, without ; thitra, door). A genns of Brachiopoda. 

Athtfa (Gr. a, vithout ; trupa, a hole), A genua of Brachlopods. 

Ate3 {Lat. auis, a bird). The elasa of the BJrda. 

AvictlLA (Lat. a little bird). The genua of Bivalve Molluscs comprising the 

AxoPHYLLUu (Qr. axon, a, pivot ; phitlloa, a leaf). A genus of Rugose 

AzolO(Qr. a, without; sol, life). Deatitate of traces of living bemga. 

BACmjTEB (Lat. baciiCum, a stafl). A genua of (he Amtaomlidm. 

BaL«NA (Lat. a whale). The genua of the Whalebone Whales. 

Bajunida (Or. batanoB, an acorn). A fauiily of aessile Cirripedee, commonly 

called " Acom-B)iells.'' 
BATKACHla (Gr. balrachos, a frog). Often loosely applied to any of the Am- 
phibia, but sometimes restricted to the Araphihians aa a class, or to the 

single order of the Anoura, 
BEhBusmDM (Gr. betemnon, a dart). An extinct gronp of Dibranchiate Ceph- 

aiopods, comprlaing the Beleninitea and their allies. 
Belemboteothis (Qr, Ulemium, a dart ; tmlkis, a cattle-fish). A genus allied 

to the Belemnitea proper. 
Be[..R<nRUB (Gr. beloa, a dart ; Dum, tail). A genus of fossil King-crabs. 
BELrj:HOFHaN (Gr. proper name). Aeenus of oceanic Univalvee [Ifeleropodii). 
BELOTGtrCBiE (Or. belos, a dart ; teiUhii, a cnttle-fiahj. An extinct genus of 

Dibrnnchiate C^jphalopods. 
Betbicbu (named after Prof. Beyrich). A genus of Ostiacode Crustaceans. 
Bilateral. Having two eymnietrical eides. 

BuuKA (Lat. 6is, twice ; momu, a hand). The older of Mammalia compris- 
ing irian alone. 
Bipedal (Lat, bit, twice; pet, foot). Walkingupon two legs. 
BlVALVB (Lat. bw, twice ; valva, folding-doora). Compoaed of two plal*8 or 

valves ; applied to the ahell of the iMmeHilmatchiala and Brac/ilopoda, and 

to the carapace of certain Omstaaa. 
BLASToniEA (Gr. blattm, a hud ; and ados, form). An extinct older of Bcki- 

aodeniiata, often called Fentrtmiiea. 
Bbachiofoda (Gr. firocAion, an arm ; poni, the foot). A class of the liiMut- 
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coida, oftfn called "Lamp-BheUs," c^racterised by poesessmg two flesh; 

&niia L-ontinued Troni the sides or the mautb. 
BBACBtCBA (Gi. brachu), short ; aura, tut), A tribe oT the Decapod Cnula- 

ceam wilt short tails {i.e., the Crabsf. 
Bbadvfodids (Gr. bradai, alow, padet, feet}. The family of Edtataiaam- 

prising the Sloths. 
Bhanchia (Or. bragchia, the gilt of a. fish). A Mspinttot? Drgan adiptcd to 

breathe air diaaolvBd in watBr. 
Branchiate. PoBsessiug gilla or branchise. 
BftoirrEDs (Gr. bmntl, thunder— an epitbet of Jupiter the Thuiidei«)i A 

genu» of Trilobites. 
BwiNTOTHBBHHC (Gr. Sronil, tbunder ; Varian baast). An eitinct gorai of 

Ungnhite QnadrDpeds. 
BHO^'TozD(nl (Gr. bnmlt. thunder ; EoSn, animal). A geuus founded on lie 

largest footprints of the Triassic Sandstones of Connecticut. 
BucciKCH (Lat. 6it«*i««n, a trumpet). The ganas of Univalves compriiij 

the Whelks. 

Cainozow iSct Kainoioic) 

Cai^wteb (lit. calainiia, a read). Eitdnct plants with reed-like S 

lieved tu be gigantic representatives of tbe EqnistlacBe. 
Caix:abeous (Lat. so&s, lime). Composed of carbonate of lime. 
Calice. The little cup in which tbe polype of a coralllgenous Zoophyte (it 

lino!o6it) is contained. 
CALruEXE (Gr. haljunXni, concealed). A genus of Trilobitc.. 
CA1.VX (Lat, a cup). Applied to the cup-shaped body of a Crinoid {EtiuKi- 

denrurfa). 
Camahophoria (Gr. havuiTa, a chamber ; phera, I carry). A genua of Bl 

Cakelopardaud^s (Lat. camdiu, a camel ; pardalu, a panther). The fmily 

of the Giraffes. 
Caninb (Lat. canii, a dog). The eye-tooth of Manunala, or tbe tooth wM 

is pUcerl at or close ta tbe prEcmaiillary suture in the upper jaw, and tlie 

corresponding tooth in the lower jaw. 

— '--*J-3 shield. Applied Ifl tbe upper shell of Crabs, LoiislOB, 

.. .. fOfffl. Also the upper half of tbe immovable ease ~ 

which the body of a Chelonian is protBctad. 
Caecbabodon (Or. tarcham, rough ; odjuis, tooth). A genus of Sharfas. 
CabdiocakfoS (Gr. tardia, tbe heart; Awrpos, fruit). A genus of fossil fralt 

from the Coal-measures. 
Cakdidh (Gr, kardia, the heart). The genus of Bivalve MoUubo 

the Cocltlea, CaniiniB, Cardiola, a.TiKCardita have the same dt 

CiwnvoBA (lat. caro. flesh ; voro, I devour). An order of the MammM 

The "Beasts of Prey," 
CASRivoBODa (Lat. euro, fl 
Cabcocasib (Gr. htraa, a 

Caryocrinub (Gr. kanta, a nnt ; krijvm, a lily). A genns of Cystideana 

Caudal (laX. cauda, tbe tail). Belonging to tbe tail. 

Cavicornia (Lat. cavus, lioUow ; comu, a horn). The "boUow-bomed' 
Ruminants, in which the bom consists of a central bony ^^ horn-cote" ss^ 
rounded by a homy sheath. 

Cbntbuv (6r. Icailnm, the point round which a circle is described by a pul 
of compasses). Tbe central portion or "body" of a vertebra. 

CEFHALAHFiDf (Or. iephaU, bead ; arpit, shield). A family of fossil fit 

Cefhauc (Gr. itephaU, head). Belonging to the bead. 

CePHaiafoda (Gr. JcephaU ; and podei. feet). A claes of tbe JfaUiuco, com- 
prising the Cuttle-iisbeB and their allies, in whioli there ii a seiiei o" -— 
ranged round the head. 

Ceratidcaris (Gt. heriu, a horn; karis, a sbtimp). A genns of n^UoptA 
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m (Gr. teras, a honi), A genus of Ammtmilida. 

CtolATODUB (Gp. JOtoii, a horii ; orfuEu, tooth). A genus of Dipnooua fiahes. 
CsBTiCAX (Lai etnix, the neck). ComiBCted with or belongiag to the Fegion 

of the oeck. 
('ERVlDai ( Lttt. emJBS, a stag). The family of the Deer. 
CesTRaPHCibi (Gr. Se«ro, a weapon ; pAero, I tanr). The group of tlie " Ccs- 

tTBciont Fishes," represented at the present day lij' the Port-Jackson Shark ; 

so called from their defensive ^liwn. 
Cetaoea (Or. kSoa, a whale). Itxe order of Mainitiala comprisLug the Whalex 

and the Dolphins. 
CETioaAUBiTS (Gr. knot, whale ; taura, lizard). A gecns of DeinosaiiTiaii 

Raptilea. 
CBEtBOFTEBA (Qr. cAeir, hand ; pCeron, ving). The Uammaliau order of the 

Bata. 
CheiboTHEBIUM (Gr. cAeir, hand ; thMoa, beast). The generic name applied 

ori^ually to the hand-ahaped footprlnta of Labyiinthodonts. 
CHElBUltcs (Gr. d\a,T, hund ; oura, tail). A gem 
CBELontA (Or. chdtmi, a. tortoise). The Reptiliai 

Turtlea. 
Choseteb (Gr. rfSn* or thBa/nt, a ehamhcr or hoi). A gen 
CiDABlS (Lat. a diadem). A genoa of Sea-urchina. 
CL&DODna (Gr. Madoa, hronah ; odaai, tooth). A geuns of Fishes. 
Clatbbofoba (lat. tlathii, a trellis j jm-us, a pore). ' 

(Po/yaB). 

CljsiofHylLCM (Gt. Idisicn, a hat; phuUon, leaf). A graiUB of Rugose Corals. 
Cltubnia ( Cliaaene, a proper name). A genus of Tetrabranehlate Cephalopoda. 
CoCOOSTEnB (Gr. iaifeu, berry ; ortfoii, bone). A genoa of Ganoid Fishes. 
CoCHLioilDB (Gr. huMiirai a snail-shell ; odoat, tooth). A genus of Ceatra- 

ciont Fiahes. 
CtELKNTGBATA (Qr. koilos, hollow ; enteron, the bovel). The sub-kingdom 

which compriaea the Bydrowia and Aainoma. Proposed by Frey and 

Iieockhait in place of the old l«rm Radiata, which iDcInded other animals 

OS well. 
CoLROPTERA (Gr. JuHeoi, a sheath ; jjimvw, wing). The order of Insects 

(Bijetlea) in wliichthe anterior pair of win™ are hardaned, and aerve as pro- 
tective cases for the posterior pair of memhrauous wings. 
CoLOSBOcHGLie (Gr. kploaiBi, a gigantic statue ; dielns, a tortoise). A huge 



of Brachiopods. 



if Lace-eorala 






M> called in alius 



CoNDlLR (Gr, joKduJos, akiinctle). The surface by which one bono articulates 

with another. Applied esjieoially to the articular surface or anrfacea by 

which the akull articulat«s with the Tertebral colnmn, 
CqnifERJ{ (Lat. tonus, a cone ; fero, I carry). The order of the Firs, Pines, 

asd their allies, in which the fmit la generally a " cone " or " lir-apple." 
CoHXTLiBi* (LbL coBMiia, s little cone). An estinct genua of Pteropods. 
COPBOLTTEa (Gr. koprei. dnng; lilluts, atone). Properly applied to the foasil- 

iaed excrcmenta of animals ; but often employed to designate phosphatie con- 

cretiona which are not of this nature. 
COBALLITE. The corallum secretad by an AcHiuitefiH which conaiats of a single 

polype ; or the portion of a, composite corallum which belongs to, and ia 



COBALLDH (from the Latin for Red Coral). The hard structi 
or by, the tiasuea of an .J rfinosofln— commonly called a " c 
COBIACEOO8 (Lat. arrintn, hide). Leatliery. 
COBTPHODON (Gr. koms, helmet; «£oim, tooth). An extinct genus 
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Crioceras (6r. knot, a ram ; kma, a 

CbOCODIUA (Gr, hnkodeilot, a, crot-odilel. An ardsr of Reptaea. 

Cbosboftehyoiiis (Or. tmjaotoi, a Iringe ; ptrrus, s fin^. A sub-order ff 

Ganoids in which the paired flna poiseAa a central lobe. 
OBOSTiCKi (Lat. enuta, a orust). A claaa of Artienlatfl animala, compririitg 

Cnbs, Idl»t«ra, ka., chaiBoteriwd h; the passsssian of a turd sii^ or 

cniat, which Iher cast p«rltHlica!ly. 
CrypTOOaMs (Gr. kraplas. oonoealed ; gaaua, marriage), A division ef plants 

in which the orgacs ot reprodnction ara ohscUTB and thETO are no trm 

Otexacaxtbcs (Gr. kteii, a comb; ahxntka, a thorn). A genns of fosiil fisheSi 

nanieil from its iln-siiiiies. 
Ctenoid <Gr. kleii, a comb ; eidoa, farm). Applied to thoae scales of firiua 

the hinder margins of which are [rinecdwithitpiaeBoraomb-Iike projeaticou- 
Cfbsores (Lat. carro, I run). An order of Aiiet, compriaing binu deititati 

of the power of flight, but fonned for running -vigorouBly (e.y., the Oitljdi 

and Emeu). 
CcsPiDATE. FanuEhed with small poini«d eminences or " cusps." 
Ctaibdcriitub (Gr. haathos, a cup ; hrinim, a lily). A genua of Crinoida. 
CrATBuFHYtxm (Gr. jtunlAos, a cap ; phulUiit, a leaf). A genua of BngOH 

Corala. 
(Ttcloid (Gr. kiikloa, a circle ; eidot, forrn). Applied to those scales of Babes 

which have a regularly circular or elliptical outline with an even marein. 
Cyclofhthalkds [Gr. kuHot, a eircle ; ophthalimoi, eye). A genus <a fosal 

Scorpions. 
CvcLoaroMi (Gr. kuklos, and doma, month). SometimeB uaed to designate His 

Hag-fishes and Lampreys, forming the order Marsipobnmclai, 
Ctfu^A (a name of Venua). The genus of Uuivalvo Uolluscs compriring ttl> 

Cyrtockhas (Gr. karlos, crooied ; keraa, horn). A genus of Tetnbn 

Cephalopods. 
CTSTiravLLUM (Or. kaaCia, a bladder ; pkullm, a. leaf). A genua ot BngoW 

Corala, 
CYSTOiDKi (Gr. katlis, a bladder; eidos, form). The " Globe-crinoid*," M 

eitinct order of £cMiuider«iiUa. 

DADonLON (Gr. dadUm, a torch ; asifon, wood). An eitinct genua ot Ceo- 

iferous trees. 
DeCAPODA (Gr. data, ten ; pxla, feet). The division of Omslaeta which kwi 

ten feet ; also the family of Cuttie-fisltea, in whieli there are ten anni M 

cephalic processes. 
DECiBUOua (Lat. dtcido, I fall off). Applied to parts which tall off orarenhed 

during the life of the aniujaL 
Deihosackia (Gr. deinoi, terrible ; »aii™, liiard). An extinct order of Btp- 

tilBB. 

DEiKOTHERior {OrV, detnoa, teirible; tUnos^ beast). An extinct genu "C 

Probosciiiean Mammals. 
Dendhogbaptuh (Gr. dtndron, tree ; gratis, I write). A gonna of Onpto- 

litea. 
DE8uidi,£. Minute freah-water plants, of a green colour, without a sUieeco) 

DiATOKACBiE (Gr. (KofemBo, I sever). An order of minute plants which in 

provided with aiUceous envelopes. 
DiBRABCHiATA (Gr. dis, twice ; bra^hia. Bill). The order ot CephatOfoia 

(comprising the Cnttle-flehes, ki.) in which only two gills are present. 
DlCKRAS (Gr. dis, twioe ; keras, horn). An eitinct genus ot Bivalva Mollosct. 
DiOTTONBMA (Gr. rfiiftiOB, a net ; nema, thread). An extinct genus of iWj- 
(5. 
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DiCYNODoMTU (Or. lilt, twice ; kmii, clog ; odous, tooth). An extinct order of 

Baptiles. 
DlDYMOORAPTUS (Gr. dtdumoi, twin ; grapho, I writ«). A geaya of Gnptolitea. 
DuiOBFfiODON ((ir. dii, twice; morpAi, Bhape; oeiinu, tooth), A genus oT 

Pterouiuriui BeptileB. 
Dik:cHTHYS (Gr. deiinw, tenilile ; icUAm, fisL). An eitinct gsnufl of Fishes 
DlHOCERAB (tir. deinoi, terrible ; kema, bom). An ei^tmi^ genua of MaTtimiilti, 
DiNOFUis (Qr. deinfu, terrible ; opkii, snake). An eitiuet genuB of Bnak^ 
DiNOBNia (Gr. deinoa, terrible ; umu, hitd). An extinct genua of Birds. 
DutooHAFTDS (Gr. dijilon, doahle ; ifrajiAo, I write). A genus of Gruptolitea. 
Dipnoi (Gt. rf«, twice ; jmni, breaflil. An onler of Fiahea, comprising the 

Mucl-Hiihes, so called in ailiiflion to their double mode of reaplrBtioo. 
DiPHirroDOK (Gr. dia, twice ; iirotoi, tint ; od-ntj, tooth). A genus of extinct 



I 



.. BupWa. 
DnTKHA (Gr. rf«, twice; ptenm, i 

by the possession of two wings, 
DiBcoiD (Gr. duim, a. quoit; euioi, form). 

DounuTE (named after M. Dolomieu). Magneaian limestone. 
D0R8AL (Lat, dormm, the back). Connected with or placed upon tl 
Dhohathkoiuu (Gr. ifromauu, nimble ; thirum, beast). A genus of Triaisie 

DRTonTHECUB (Gr. <Inur, an oak; piihelxn, an ape). An eitinct genus of 
Monk 



An order of Insects characterised 
ipei like a round ptate or 



EcBlsoiDKi (Gr. eekiioi ; and eidoi, form). An order of Schinndermala, oc 

prising the Sea-urchins, 
Edentata (Lat, e, withent ; dins, tootli). An onler of Sfammalia often called 

Brala. 
EoBMTnLOiIB. Toothless, without any dental apparatHB. Apidied to the 

mouth of any animal, or to the binge of the Bivalve MoUnscs. 
EtASUOBHAHt^HU (Gr. nlotTiui, a plute; brai/chui, gill), Au order of Fiahea, 

including the Sbarks and Rays. 
EmaLIOBAUrIa (Gr. tiuUioa, marine ; saura, lirardl. Sometimes employed as 

a common term to designate the extinct Beptiliau orders of the IchtliyotaftTia 

Eocene (Qr, eo«, dawn ; fcuinoj, new 
Tertiary rocks, in which apeciee a 
represented. 

EopKYTON (Gr. eon, dawn ; phvtim, a plant). A genns of Cambrian fossils, 
supposed to be of a vegetable usture. 

Eoz<K>N (Gr. toi. ilawn ; aiOn, animal). A genua of chambered calcareoua or- 
gauisms found in the LaurentisD and Huroniaii fonimtions, 

EiJUILATERii. (Lat, aqiau, eqnal ; lalus, side). Having Its sides eqaal. Usu- 
ally applied to the shells of the Brachiopiida. When applied to the spiral 



intl 



hells of the /bmiBiniftra, it 
,ep!a^ 



IS that all the convolutions of the si 



Equisetacea (Lat tqutis, hone ; afta, bristle), A group of Cryptogamons 

plantd, commonly known as " Horse-taibi." 
EqDIVaLVB (Lat. ur^iiEM, i:<iii!il ; vatvee, folding-doora). Applied to shellawhith 

EkBantia (Lat. '■iTo. T wiiinlcrt. An order oi Anndida, often called Xereidea, 

distiiiguisbed by their grriit locomotive powers. 
EUOMPHALiia (Gr. eii, wtll ; cuii/ilialiii, navel). An eitinct genua of ITnivalva 

Mollnsca. 
BiTKVfTEBtDA (Gr. otTUi, hroad ; ptenm, wing). An extinct sub-order of Ci-us- 

SxoQTBA (Gr. era, outside ; jruros, circle). Aii extinct genua of Oysteia. 
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Tavhx (Lot, Fauai, the rural dsitiea of tba Rumajia). The general lUHemliligi! 

of the uiimalK of any repiou or district 
f AVOsiTES (Lat. /imu, a baneycomlj). A genus of Tabulate CdtbIb. 
FBBESTBUJOf (Lai fenatella, a littje winilow). TLe " Laca-corals," «gninp 

of FaluBoioio PolymouB. 
FaicES (LaL jUie, a fern). The order of Cryptogamie plants conipriaing tk 

FtLiroBK (Lat. fttun, a thread ; /on. 

FLOB& (Lat Flam, the goddess of 

plant^ of any rt^iDn or district. 



baoa, usually cbaracteriBed by tlie 

□us pseudupodia] apertures. 
Fbuoivoroub (LdLt, Jrux, fniit ; ixiro, I devour). Living npan fruits. 
Fdcoidb (Lat. faaa, sea-weed ; Gr. ddoa, likeness), f^aaila, often of in 

ohacore nature, believed to be the romaina of Bett-Vfeeda. 
PcBCLn(A(Lat../MiM, a spindle). An extinct genua of /oruminiftjii. 



covered by a anpetiw 



M Moi 



a muscular enpansion of the under surface of the body (the 
Globiokbina (Lat. globua. a globe ; gero, 1 cany). A geuns of Fonunin^m. 
Gltftodon (Qr. frin/jAo. 1 engrave ; odoKS, tootiti. AneiUnct genua of JJni- 

dllloa, BO named in alluniou to the fluted teeth. 
OOHIATITES (Or. gOnia, angle). A genus of Tetrahrauchiate OpLalopode. 
Gballatubes (Lat. ^vUie, stilta). The order of the long-legged Wadm^Hi^. 
O&AFrDUTlDJl (Or. arajilio, I write ; lUhos, stone). Aa e^inct sub-chui cl 

the Hydtozoa. 
Gthrosferiib (Gr. ^nniu, naked ; sprrma, seed). The Conifers and Cycidr. 

in which the seed is not protected witbin a seed-vesseL 

HALiTHEBnm {Or. hcdi, sea ; MAioti, beast). An extinct genus of Ses-ont 

{Sirenia\. 
HAUiTES (Lat, hanaa, a hook). A genus of the AiaiiionUida. 
Heuuphilluu (Gr. helioa, the sun ; phalUm, leaf). A genua of liagoK 

Corals. 
HellaDOTHEBIUH (Gr. Hellas, Greece ; thsHojt, bea^t). An extinct gemu ^ 

Ungnlate MamlnaU. 
Hkhiftera (Gr. Afini ; and pfnvH, wing). An order of Insects iu wtddi tlw 

anterior wings are sometimea "hemelytm." 
Hebferobrib (Gr. Haperos, the evening star; oi-»is, bird). An eitinctgt^U) 

Hetebucercal (Or. lateral, diverse ; kerkos, tail). Applied to the tail ol 

Fishes when it is unsynimetriial, or composed of two anei|nal lobes. 
Heteropoda (Or. heUrot. diverse ; podrj. feet). An abemmt group if Uw 

Gasteropods, in which the foot is modified so as to form a swimming orpii. 
HtFFABrON (Gr. hippartUn, a little horse). An extinct genua of JCquida. 
lIlFPOFOTAiiiTa (Gr. hippos, hnrae ; pota-moa, river). A genos of Hoofed ()»■■'' 

mpedB — the " River-aorses," 
HlFPOHtTID.B (Gr, hippos, horse ; oura, tail). An eitinct family of KtiIvs 

Molluscs. 
HOLOPTYCHiDB (Gr. kolos, whole ; ptuche, wiinkle). An extinct genns ol 

Ganoid FisheB. 
HOEoaroMATA (Or. hUoa, whole ; slmaa, mouth). A division of nantemfalms 

MoUjoa, in which the apertore of the shell is ronnded, or " entire." 
HOLDTBDHOIDEA (Gr. holotluiariwi, J aaieuioi, form). An order of £cAilUl{«^ 
— eompriamg tlie Ttepangs. 



I 
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floMOCEBOAL (Gr. hoiiios, game 1 terlaa, tail i. Applied to the tail of Fishes 
wlieo it K symmetrica], or coiupoatid of two equal lobea. 

Hyboduntb (Gr. kubita, curved; otfoiH, tooth). A groap of Fiabes of which 
Hybodita is the type-genua. 

HrOBOlOA (Or. hadra; and eidot, form). The Bub-ela»8 of the Hj/dman, 
whicli coniprises the aaiiiials mORt nearly alli&l to the Hydra. 

HtSbdzoa (Gr. hadra,- mdzoBa, aniniall. The class of the Co^nreraea which 
comprises animala oonstrncted after the type of the Hydra. 

UTUEHOFTEnA (Gr. hmnta, a membrane; pteron, awing). An order of In- 
sects (comprising Bees, Ants, lia.j charactcnsed by the poasessioii of fonr 
inembranous wings. 

ICHTHYODOROLITE (Or. khChiit, flsli ; dorut, spear ; lithoi, stone). The fossil 

lin-spiao of Fishea. 
ICHTHYOFTEBTQIA (Gr. iehthiu ; plerux, wing). An extiact order of Reptiles. 
ICHTHYORNW [Gr. tehthug, fish; amis, bird). An extinct genus of Birds. 
ICHTHY08»TiRt* (Gr. ichthia; saara, lisard). Synonymona with ichtkyop- 

teryffia. 
IGUAKODOW (/jwnno, a living liianl ; Gr. odoia, tooth). A genus of Deinosau- 

rian Keptilcs. 
Ihcisob (Lat. iiKido, I cut). The cutting teeth filed in the iDtennaiillary 

' of the Manmalia, and the corresponding teeth in the lower jaw. 

iu uiATSaAL. Having the two sides unequal, as in the case of the shells of 

_ e ordiaary bivalves iLameUil/noKhiala). When applied to the shells of 
I tiw I'oramiti^era, it implies that the convolutions of the shell do cot lie in 
^ the same plane, but are obliquely wound round an axis. 
InbquivaLVB. (jomposed of two unequal pieces or valves. 
IsocEHAUua (Gr. u, e. flhre ; ktrajans, an earthen vessel). An extinct genus of 

Bivalve Molluscs. 
ISSSCTA (Lat. inaeeo, I eat into). The class of articulate animalB commonly 

known as Insects. 
Insectivoha (Lat. initclvm, an insect ; voro, I devour). An order of Mammals. 
ISSECTIVOHOUB. Living upon Insects. 
Inbesbobks (Lat. ins«£eo,Igit upon). The order of the Perching Birds, ofteu 

called Paaaerei. 
laiEBAMBULiCBA. Tile TOWS of pUtcs in an Eehinoid which are not per- 

forate<l tor the emission of the " tulie-feet." 
INtebmaXILLj: or Pmrtm TT.r.y Hie two bones vrhich are situated between 

the two siiperior maiillio in Vertehmia. In man, and some monkeys, the 

pnemaxillie anchylose with the maxiUsj so as to be irrecognisable in the 

IiivER'n:B[iATA (Lat. in, without; ivrkira, a bone of the back). Animals 

without a spinal column or backbone. 
IsopODA (Gr. isoa, equal ; podes, feet). An order of Cratlaixa in which the 

feet are like one another and equal. 

KaINOZOIO (Gr. kaima, recent ; loe, life). The Tertiary period in Gsology 
comprising those fonnntiom in whiuh the organic remains approximate 
more or leus closely to the existing fauua and dora. 



eeth. 
Laceriiua (Lat laeerla, a lizard). An order of ReptUia compriaing the Liz- 

arfs and Slow-worms, 
Lamellibbanchiata (Lat. lamelhi, a plate ; Gr. brofich^, gill). Tlie class of 

Molliiaca comprising the ordinary bivalves, charauterised by the possession 

of lamellar gills. 
t/EKDODENDRON (Gr. ifpw, a scale ; rimrfrDJi. a tree). A aenns of extinct plants, 

so named from the scale-like scars upon the stem left by the falling off of the 
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LBPiDOPTEBi (Gr. lepis, a scala ; pleroii, n viiag,). An order nf rnsects, 
prising ButterHiea and Moths, characteriaeii by possasaing fonr wings - 
are usnally eovared with minnla acales. 

Lbpidiibireh (Gr. lejiis, a ecale ; xiivn, a siren — tbe geueric nunc of the Mnd- 
eel or Sirvn huertma). A genns of DipaoouB fUheii, comprising the " Hod- 
fishes." 

LEPCOOSTEiOBlia (Or. laiU, a scale ; atrobHoe, a flr-con«). A genuH fouzided on 
the consB of Lcpidudendroa. 

Impixsk (Gr. Irptos, slender). A genos of Brodiiopada. 

LnouLi (Lat. Imgula, a little tongue). A genus of Brachiopads. 

Ltci:iPODIACB£ (Or. fu^wj, a, wolf; poaa, foot). The giOBp of Crfptogamk 
plants generally known as "Qub-mosnes." 

Hacu-geacahtruh (Gr. nuuAaira, s sabre ; acanlha, thom or spine). An ex- 
tinct genus of Pishes. 

MAL'HAlHoDua (Gr. mackaira, a sabre ; odom, tooth). An extinct gennt of 
Camivora. 

MACHOTHEiinjM (Gr. iiioArus, long; th&vm. beast). An aitinct genua of 

Macbura (Gr. imU-rei, long; oura.tail). A tribe of Decapod Oujrtaeoiw with 

long tails {e.g., the Lobster, Shrimp, kc.) 
Makhalia (Lait. mamma, the breast). The class of Vertebrate animals which 

suckle their young. 
Uandibls (Lat. mandibtil\an, a Jaw). The upper pair of Jaws in Insects; ainr 

applied to one of the pairs of jaws \a CriaULCta and Spiders, to the beak o* 

Cephalopoda, the lower jaw of Vertebrates, kc. 
Mantle. The external interment of most of the Mollosca, which is lorgelT' 

developed, and forms a cloak m which the viBceri are protected. Techni-- 

caliy called the "pallinm." 
HAMUa (Lat. the hand). Ths hand of the higher Vertebrates. 
Uabhipobkancui[ (Qr. vtarsipot, a pouch; bragchia, gill). The ardor of 

Fishes compriEing the Hag-fishes and Lampreys, with nouoh-llke gills. 
UabsupiaUa (Lat. margapiKn, a ponch). An order of Mammals io which the 

females mosUy have an abdominal pouch in which the young are carried. 
MA5TIID0N (Gr. maatoa, nipple ; mAhu, tooth). An extinct genus of Elephant- 
ine Mammals. 
Mbqalonyz (Gr. megat, great ; oiiu;;, nail). An extinct genus of Edentate 

Mammals. 
MEOALCiSAUltrB (Or. m^as, great ; laiira, Ikard). A geaos of Deinosanrian 

Beptilea. 
..__ ,^. jugg^^ great; IheTion, beast). An extinct genns of 



MlLLGTOHA (Lat. mUie, one thousand ; ptmiSy a pore). A genns of " Tabulate 

MiocE>-B [Or, n»ian, less ; kainaa, new). The Middle Tertiary )iGriod. 
MOLAHS (Lat. nulla, a mill). The " grinders" In man, or the teeth in diphyo- 

dont Mammals which are not preceded by milk-teeth - 
MoLLUSCA (Lat. mollis, soft). The sub-kingdom which includes the Shell-fish 

proper, the Polgnoa, the Trntieaia, and the Lamp-shells ; so called from the 

geHerally soft nature of their bodies. 
Molluscoiha {MoUutca ; Gr. ridoa, form). The lower division of the Xal- 

lutca, comprising the Poli/ioa, Tiiniattit, and Braj^iopoda. 
MoNOORATTDS (Gr. jnoHos, single : grapha, I write). A gecua of Oraptolltes. 
MiLoDON (Or. mvios, a null ; odoas, tooth). An extinct genus of Edentate 

Mammals. 
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to awim). Thfl order of Ibe Swimming Birds. 
, a awim). Fornied Tot BWimmliig. 
IlfADTUJUlD, Resembling the unell oftlm A'aulilm in nhape. 
Hbbvdreb (Lst. tteniu, a ainew). The ribs wliicli support the membrtmooB 

'Ing). An order of Insects diar- 
nomeronB reticnlsted nenmres 

pleria, a. fem). An extinct genua of 

(Gr. nolhot, spurious; Bourn, liiard). A gouua of PierioMurion 

►Reptile*. 

MnoOHOKD (Gr. notoa, back ; ehorde, strfna)- A cellulnr rod whioh is devel- 
^ oped in the embrj'o of Vertebrates iinniedialfily beneath the spinal cord, sod 
[ whii^ is usually replaced in the adult by the vertebral column. Often it is 

spoken of as the " chorda doreslis." 
HcDlBBAHCBlAiiULat. ti-iidtu, naked; and Gr. bm^cliio., gill). An order of 

the OaMernpoda in which the gills are naked. 
IftmtnrLlNA ILat. numinvs, a coin). A genus of Foraminifera, compriaing the 

coin-ahaped " Nuniniulitea." 

OsoLZLLa (Lat dim. of obi/ltti, a small coin). An extinct genus of Bn 

OCCIFITAI. Connected with the occiput, or the back part of the head. 
OCBAHIO. Atiplied to aniiuals which inhabit the open ocean ( = pelagic). 
(toONlOFTBBrx (Gr. aiout, tootli ; pierux, wing). An extinct genus ol 

Birds. 
ODOHTORmiBEB (Gr. odous, tooth ; ontia, bird). The eithict order of Bh'dfl, 

compriglDg forma with distinct teeth in aocketa. 
OUQOCEKE (Gr. o/iffua, few ; kainot, new). A name nsed by many Continental 

geologists aa synonymous with the Lower Miocene. 
OfBnm(Gr. -^- " -"- - 




QPHI 



A(G. 



hi), a serpent). The order of Reptiles eomprisiiiE the Snaki 
ir. opha, snake ; mem, tail ; eidoa, form). An order of £chii 



the 



^- of the bird-ltk< 
^^OSTBIB (Gr. orthi 
^B^ atraight hlnge-l 

^f tilida, in whic 
■Obthopteba (Gr 



of the bird-like character of their hind-limbs. 
OsTBIB(Gr. otIAds, straight). A genus ofBiachiopods.namedlnallnsion til the 
* atradght hinge-line. 
STHOOBRiliD* (Gr. orthne, etraight ; Jcerai, horn). A family of the ifan- 
tMda, in which the shell is atraight, or nearly so. 
BTHOPTEBA (Gr. orVioi, atraight ; pteran, wing). An order of Insects. 
OBTEOLEns (Or. Dsieon, bone; I'pin, bcbU). An extinct genus of Ganoid 

Fishes. 
OSTBACOSA (Gr. ottrakon, a shell). Ac order of small CnisUceans which are 

enoloaed In bivalve shells. 
Otoddh (Or. Ola, ears ; odiwi, tooth). An extinct genus of Sharks. 

" ' ' i, tooth). A genus of Dicynodont Eep- 



« (Ut, < 



«, sheep ; bos, ox). The ( 



comprising the Musk-ox. 



^ ^,.,. ichus, thick ; (hernia, skin). An old Mammalian order 

; coostitnted by Cuvler for the reception of the Rhinoceros, Hippopotanms, 

Elephuit, &o. 
PAI.XASTEB (Gr. palaioi, ancient; aiter, star). An extinct genns of Star- 

lishea. 

IB (Gr. palaioi, ancient ; foil*!, shrimp). An extinct genus of Deca- 



' pod 

tpAl.AOLlTHlc (Gr. palaica, ancient ; liilios, stone). AppUed to the rude stone 
implements of the enrliest known races of men, to the men who made (hear 
implements, or to tie period at which they were made. 
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rALSoVTOLOOT (Gr. palaiin, ambient; ami loffoi, diacounie). The si 

linsil remaitis or of extinct orgaaisal bdngs. 
PaI.SOPHIS (Gr. jialaioa, ancient ; opkii, serpent). An extinct gonoi of 

Paljeosaurds (Gr. palnuK, uncient; gaum, liianl). A genus of Thecodont 

Reptilea. 
TAi-mmaEBnix (Or. palaias, andent ; ttw, Imast). A gronp of Tertiary 

Ungalates. 
Palooioio (Gt. Do^foi, ancient ; ani me, life). Applieii to tlie oMeat of thi: 

great geological epoclu. 
Fabadoxiseb (Lat. parwiaeas, muvellDa«). A genus of Triiobites. 
Pataqihx (Lat. tlie bonier of a ciress). Applied to the eipanaion of the iu- 

t«ument by which Bata, Flying SquirrBia. anil other animaia anpport tliem- 

aelrea in the air. 
PEconERis (Gr, pdui, I comh; plcrii, a fern). An eitinct genns of Feme. 
Pkctks (Lat. a comb). The genus of Biislve Holluscs compriiiing the 

Scallop*. 
Pectoral {La.l.peeftia, chest). Coanected with, or placed npon, the cheat. 
Pbntacbihus (GIr. peMa, flva ; hritwn, lily). A geuun of Crinoida in whidi 

the column is flve-aided. 
Pentahesus (Gr. jMnfa, five ; menu, ■pa.rt^. An Bitinct genua of Brachiopods. 
Penthedites (Gr. penta, five ; imta, apertum). A genua of Slaileidea, so 

named in allusion to ths apertnres at the eummit of the calyx. 
Pere;iNibbahcbiata (lAt. perenniii, perpetnal ; Qr. bragehia, gilt). Applied 

to those Aja.phibia In which the gills ars parmanentty retained througiioal 



pETALoni. Shapeil like the petal of a Haver. 

Fhacofs (Gr. phakl, a lentil ; ops, the eye). A genua of Trilobites. 

PhaLaNoes (Gr. jAidasix, a row). The email Waea compoaing the digits of 

the higher Verlebmta, Morraally each digit ina three phalaugea. 
PaASEHOQAMS (Gr. phaHfrin, viaible j jamos, marriage}. Planta which ban 

the oi^ana of reproduction conapicnoas, and which bear true fiowsra. 
PUABT5C0BRANCKI1 (Qr. phorugx, pharynx ; bragehia, gill). The older of 

Fishes oompriiiiag only tne Lancelet. 
PaASCOLOTHEBiiTM (Or, pkaskalos, a pouch ; iheriim, a beut). Agourtt 

Oolitic Mammala. 
Phraouacoke (Qr. phragma, a partition ; and konoa, a cone). The cbtuuberll 

portion of the interna] shell of a Bdemniie. 
Pktllopoda (Gr. JjAuflm, leaf ; andjwiM, foot). An order of OmfcieB*. 
Pinnate (Lat, pimut, a feather). Feather-shaped ; or poassBaing lateral pn). 

; gradior, I walkl. The group of Cantti- 

. , . . , . „ Llruaea, adapted far aji minntic life. Oftaa 

called Pmnipedia. 
PilODLS (Lat. dim, of pinna). The lateral processes of the arms of Otnouti. 
Pisces (Lat. piscU, a hah'. The class of Vertehrates comprising the Fishei. 
Placoid (Gr. pfci, a plata; eidos, fom:). Applied to the irreBular bouj' 

platea, grains, or spines which am found iji the skin of vaiiona Satiat 

( ElamioSraTichii). 
PLAaiosTOMI (Gr. ptagioi, tranaverse ; stoma, month). The Sluirks and Hays, 

in which the mouth is transversa, and ia placed on the under surface of tlie 

Platyceras (Gr. plalus, broail ; i^riu, horn). A genus of Univalve Hollusca, 
Plattchindb (Gr, jitoitM, broail ; kraum, lily). A geiins of Crinoidea. 
PlatiRHINA (Gr. ptalm, broad ; r/tines, nostrils). A group of the QuadrumaHB. 
PlaTTSOXIJS (Or. platu3, wide ; aoma, body). A genua of Ganoid Fiibes. 
Pleistocene (Gr. pleislus, moat; kainoa, new). Often nsed ib synonymous 
with " Poit-Pliocene," 
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pleura, the sids; (omi, natcli). A geDUS of Univalve 

Pliocene (Gr. pldon, more ; kaitmi, new). The later Tertiary period. 

l»UOPirHECUa (Gr. ji/rion, more ; pilhekus, ape). Auextiiictgenns of Monkeys. 

Pliobadhus (Gr. plBion, mora ; aamm, Uirtl). A genua of Pleaiosaariim 
Reptiles. 
KfOLlQVSTlHA (Or. poliu, ntBBy j Hnd hitlu, a cyst). An order of Pmiowa 
^Lwith fDraoiinated ailiceona BheJta. 

^KftSPABT. The hard chitinous covering secreted by maiiy of the ffydraxna. 
^V^IPS {Or. po^Ni, many j pout, toot). Bestricted to the single individual of 
^6 ■ rimple AiUin<aoll», such sa a Sea-snenione, or to the separate zooida of a 
^■*i)ciBipoand Aciinoiolht. Olten applied indiscriminately to any of the CixUn- 

^nLlPOHA (Gr. volva, many; poroa, a passage). A genua of Lace-corals 
^■tFeneridUdai). 

■■oLTTEALAUous (Gr. folut; and rAoteiuw, chamiier). Having many chambers; 
^■applied to the sheila of /Vowint/era and Cep/uUopaia, 
^Bdlisoa (Qr. polia; and ioAh, animal). A <livision of the JtfollUBcoida com- 
^Kprining compoTind animals, euch as Uie Sea-mat— soinetintes called Bryiaoa, 
^BBlTEat. (Lat. poru.!, a pore ; and firot 1 carry). SometimsB usedtti degig. 
^ M«te the Foraniinifera, or the Spimgea. 

■n^UDUiis (Lat. prtB, before; molana, the grindera). The molar taetb of 
Hammals which succeed the mukrs of the milk-set of teeth. In num, the 
bicnBirid leetb. 
PnoBOBomsA (Lat. proboacin, the erout). The onler of Mammals comprising 

the Elephants. 
PnoccELOua (Gr. pro, before ; koHoa, hollow). Applied la vertebna the bodies 

of which are hollow or coocave in&^)nt. 
PBOOncTi (Lat. prndiKtus, drawn oot or eittrnded). An eitinct genus of 
Brachiopoda, in which the ahell is " eared," or baa its iatetal aoglea drawn 

pRonoBNiTBS (Gi.prolos, first; tdin/n. footprint). Applied to certain im- 

Kessiona in the Potadam aandatone ot North America, believed to have 
en produced by large Ccuataoeans. 
pROtotBitA [Qt. protoi ; aadphiUon, plant). The lowest division of plants. 

pROTOPLABM (Gr. jtTolM ,- and p(uiso, I mould). The (' ' — "-— '- ' - 

^nised tissues. ° " ■" — — '- '— 

Pndiitoa. 

pROTOROSAnROH or PfiOTEBOSiUBVS (Gr. proloa, Hrat ; orao, I see or discDver ; 
eaura, lizard ; or protetos, earlier ; saura^ lizard). A genus of Permian 

PmoTozOA (Gr. proioi; and ziMin, animal). The lowest division of the animal 

Mmmiiiii II (Or. pmmmoi, sand ; odoai, tooth). An extinct genus of Gestra- 
fdont SharkB. 

UDOPMili (Qr. pieiidos, falsity ; ami pom, foot). The extensions of the 

jdy-Bubslance which are put forth by the KMmpoda at will, and which 

!rve for locomotion and prehension. 

UJKBTTON (Gr. paSos, bare ; phuiim, plant). An eitinct genus of Lyco- 



imea used synonymously for the "sarcode" i 




fc 



I, witliont ; odous, tooth). A gi 



(MHAllODOS (Or. pteron, wing ; i 
l^ianiian Beptiles. 

IS (Or. pteron, wing; aepii, shield). A genua of Ganoid Fiah' . 
rmtB (Gr. pta-oa, wing ; icAfAuJ, fish). A genua of Ganoid Fishea. 
6{Qi.pien '— - - - - 



pienm, wing ; daJUidot, finger). . 



Df Pterosaarian 



(Gr. pteron, viYag ; and pons, foot). A class of the Molliaea which 
by means of fins attached near tlie head. 

iHBIA {Gt.pleifm, wing; snura, lizard). An eitinct order of Reptiles. 
iDlDTIA (Gr. ptitim, a feather ; dikiuon, a net). An extinct genus of 



PncHOCEBAS (Gc. ptucil, a fold ; tern*, a horn). A genns of Am 

PUUIOHATE. PoSSViStng luUgS. 

PiRlTOBM (Lat. iiynu, a pMi ; and/ormo, form). Pear-shaped. 



_ . 1, the I*Ju>ona, &c. ) 

Rapiolabu (Lat. radiiis, a ray). A divieian of pTBloma. 
Ramus (Lat. a branch). Applied to each half or hranch of the lower jaw, w 

mandible, of Vart«brates. 
RiPTOHES (Lai. rapto, I (ilnnder). The order of the Birds of Prey. 
Rasores (Lat. Todo, I actatuh). The order of the Scratching Birds (Fnffk 

Pigeons. &c.) 
ReCeJtaCULCTBS (Lat. Teceptaadum, a storehouse). Au eitinot geniu iit 

if the V'eriebrala compridn; (k 



I. A gen 



BHisocKBoa (Qr. rhit, the noae ; kenu, horn), A genua of Hoofed Quidtn- 

IlHizorODA (Gr. rhisa. a root ; aod pons, foot). The division of ProMna ttar 

prisiag all those which are caiuil>le of emitting pseudopoilia. 
RHYNCBOuTKa (Gr. rhv^cfiei, bealt ; and Uthoa, stone). Beok-Bhaptsd !aA 

consisting of tlie mandihlea of Ciphati^Bda. 
Rhtkchonelia (Gr. rkugeliia, nose or beak), A genns of Brachiopods. 
RoDEBTiA (Lat. rodo, 1 gnaw). An order of the Mammals; often colled Glif 

(Ltd. glia, a dormouse). 
ROTAMA (Lat. rota, a wheel). A genna of ForaTainifera. 
RnoosA (Lat rugotia, wrinkled). An order of Corals. 
RuuiHARTLv (Lat. riimifwr, I chew the cud). The group of Hoofed Qudn- 

peds {Uiisulata) which " ruminate" or chew the cud. 

8AHcnDE(0r. aarx, flesh; eidns, form). The jelly-like mbstance of whii^ tlu 

bodies of the ProtOiott are composed. It is on albnntinous body coiitiii>i>>l> 

oil-granules, and is sometiiueB ^led "nolmal protoplasm." 
Sauria (Gr. sBiira, a lizard). Any liaird-Iike Reptile ia often spoken of Wii 

"Saurian ; " hut the term is sometimes restricted to the Crocodiled aloK. 

or to the Crocodiles and Locertilians. 
SAnKOFTEBYQiA (Gr. Muro ," pterux, wing). An extinct order of R«piiH 

called by Huiley Plesiosau/ria, from the typical gcniis PUsioaauna. 
SAUBUax (Gr. muni,- oara, tail). The extinct order of Birds compHaiKe 

only the Arclutoplen 
SCASBOREB (Lat. acandi 

Woodpeckers, kc-) 
SoAPHlTEB (Lat. scaJAa,, a 
SooLrTHUs (Gr. akuUx, a y 

SCIITA (Lat. *;K(«m, a shield). Applied to any shield-like plates; espeMallj'to 
those which are developeil in the integument of many Reptiles. 

SEI.ACIIIA or SELAOnil (Or. sfirv.hoi, a cartilaginous fish, probably a shirk). 
The sub-Older of ElasmobTmichii comprising the Sharks and Dog-Hshes. 

Sepiostaire. The internal ehell of the Sepia, commonly known u tti 

Bepta. Partitions. 

Serpentifohsl Resembling a serpent in shape, 

SerTULaRIda ILat. serCmit, a wreath). An order of IlydronnL. 




deity ; Gr. Viirioa, beast). An extinct genus 



Sessile (Lat. atdo, I ait). Not Bup[)orted upon a stalk or peclnncle ; attache-l 

&KT£ (Lat. briatUa). Bristles or long stiff hairs. 

SiolLLABloios (Lat- ligiUci, little imagee), A. eranp of extinct plants of which 
SigiUaria is the type, so eaUed from the BBar-like markings on the bark. 

SnJCEOus (Idt. ailex. tlint). Composed of Hint. 

SiNiBTBAL (Lat. tinUlra, the lafC lukud). Left-handed ; applied to the direc- 
tion of the spiral in certain shells, which sre said to be " reversed." 

Siphon (Gr. a tnbe). AppUed to the respiratory tubes in the MaUiisca ; 
also to other tabes of different functions. 

SiPBONlA <0r. tip/um, atube). A genus of fossil Sponges. 

aiPBONCaiOMATi (Gr, aiplum ; and atojao, moutii). The diTision of Oattero- 
podoii3 JUoUiua in which the aperture of the shell is not " entire," but 
possesses a notch or tube for the emission of the nwpirat^rv siphon. 

SiPBDNCLE (Lat nphtitKutua, a little tube). The tube whioh connects to- 
gether the various ohanibers of the ahell of certain Cejiluitopoda (e.ff., the 
Pearly Naotilna). 

SraENU (Or. seirm, a mBmiaid). The order of Atammalia conipriaiug the 
Dugonga and Hanstees. 

SrVATHKWUM (Si™, a Hind 
of Hoofed Quadrupeds, 

SouDUNOCLA {Lat. tolidut, solid ; ungulo, a hoof). The gronp of Hoofed 
Quadrupeds eomprising the Horse, Ass, and Zebra, in which each foot hau 
only a single solid hoot. Often called Solipedia. 

Sphbhoptbiub (Gc. apA^n, a wedge ; pteris, a lem). An extiuct genus of 

Spiodla (Lat. ipiciilmn, a point). Firinted needle-sliaped bodies. 

Spihifera (Lat. epira, a spire or coil ; /to, I carry). An extinct genns of 

BniP.hiopods, with la;^ spiral supports for the "arms." 
SplRnRBis (Lat. spim, a spire ; orbts, a circle). A genns of tube-inliahiting 
Annelides, in which the shelly tube is coiled into a spiral disc. 

lA (Gr. spufigot, a sponge). The division of Prulozoa commonly known 
t as sponges. 

iCTiTES (Gr. sialaito, I drop). Icicle-like encrustations and deposits of 
a, which hang from the roof of caverns in limestone. 

lOMTTE (Gr. alniagma, a drop). Encmstatious of lime formed on the floor 
-Ji of caverns which are hollowed out of limestone. 

SnoKARiA (Gr. stigina. a mark made with a pointed instrament). A genui 

founded on the roots of various species of SigiUaria. 
Stbatum (Lat. slralaa, spread out ; or simtum, a thing spread out). A layer 

SthomatopOha [Gr. itrn-mn, a thing spread out ; poros, a, paasagB or pore). A 
Pal«osoic genus of Protoaoa, 

BTftOPHOUENA (Gr. Hropkaa, I twist; mftii, moon). An extinot genus of 
Brachiopods. 

ScB.iTALCAREOirs. SoiDBwhat calcareons. 

auB-CBNTHAL. Nearly central, but not quite. 

SittTUBB (Lnt. iiio. I sew). The line ofjunctioa of two parts which are immov- 
alily connected topether. Apphed to the line where the whorls of a univalve 
shell joiu one jiiMiUier ; also to the lines made upou the exterior of tlie shell 
of n cliambered CejihitUtpod by the margins of the septa. 

SiBlHcOPOBA (Gr. sitrji/j:, a pipe ; jJoms, a pore). ' 



if Tabulate Corals. 



Tabdle (Lat. iniufo, a tablet). Horisontal plates or floors found in somB 
Corals, extending across the cavity of the "theca" from aide to aide. 

TEOUMENTAJtr (Lat. tegiiineiilytm, a covering). Connected with tlie integu- 
ment or skin, 

Tbleosauhus (Gr. ieleioi, perfect; lavra, lizard). An extinct genus of Cro- 
codilian Bep tiles. 

TBLEOBTEt (Gr. teleios, perfect; oifeon, bone). The order of the "Bony 
. Fishes." 



limit). The loat joint in the Bl>domen of Cmbuxa; ■ 
"■ - a, BegroflBt withuat appendagiB, or an — — ~ 



Tkwos . 

riougly rrgtrded 
appeodagi 



called in slinslon to the Mrfornted beak ol . . . 
T«3T (LaL (esta, ghali). The shell of MoUuaea, wliich are for this reaaai=zr^ 

Bometimu called " Tetlacta ;' siso, the calcsreons case of EcliiTwdaTm ^^.^ 

Hso, the thick leathery outer tunic in the Tunieaia. 
TtBTACEOVB. Provided with a shell or Itard vavering. 
TEarCDlBiDS (Lat. tatada, a tortoise). The faniil; of the Tortaiseii. 
TlTBABHAtlOHlATi (Gr. tetra, foar ; brogdiia, gilt). The order of Cepkahpad- -^ 



cbaiaeteiieed by Uie pogseeBioD of four gitia. 
TCETULAHIA (Lat. texlilii, woven). A genua o 
Tbrca (Or. Iktict. a. aheath). A geuan of Pteropodii. 



A genua of Fnrawdnifert 



TBROODOHloSADliua {Qr. (hikl. a sheath ; odoiis. tooth ; aaxira, lizard). — ^ 
5 of "Thecodont " Reptiles, so named in allusion to the fact tliBttk=»ii 
k ore annk in distinct aocketa. 

T (Gr. (AAion, a boast ; odoiis, tooth). A group of Reptiles •*» 
named by Owen in allusioo to the Mammalian character ol their leeth. 
TnoBii (Gr. a breastplate). The region of the chest. 
ThilacOleo (Qr. IhMlakoi, a ponch ; ^, a lion). An extinct genua of Mea^- 

aupiahi. 
THroowu (Gr. (rewr, three ; gmia, angle). A genuB of Bivalve MoHqscb. 
Thiookocabpon (Gr. treii, three ; gonia. angle ; karpoa, fruit). A genus 

founded on foesil fruits of a three-aneled farm. 
TniLOBtTA (Or. Ireit, three ; lobot. a lobe). An extinct onler of CrKSlaceans, 
TRiNuuuca (Lat. Iris, tliree ; niicleKi, a kernel). A genus of Trilobites. 
Thooosthbbium (Qr. Irogo, I gnaw; Ihirion, beast). An eitincl genus of 

Tcbicola (Lat. tuba, a tnbe; and co7o, 1 

vliich constntct a tubular case in which 
TiJBiooLOns. Inhabiting a tube. 
T[TKii;4rA(Lat. tunica, a cloak). A class of JfoKaicouia which are envBh^ia 

in a tough leathery case or " test." 
TURSHTATED (Lat. liirbo, a top). Top-shaped ; conical with a round base. 
ToBRILiTEa (Lat, tHT-rii, a tower). A genua otthc^lmmoniiWi*. 

Umbo (Lat. the boas of a shieii!). The beak of a bivalve absIL 

UnbOTcdlatk (Lat. unguii, naiil. Fnminhed with claws. 

TJltaOLATA (Lat ungnla, hoof). The order of JfamjnaiscoinpriaingtheHooltii 

Qnaiimpeds. 
ITnoDLATE. Furnished with expanded nails conatitating fanot^ 
Ukiloculah (Lat. uniu, one; and laeulvs. a little purse). Possessing a sin^ 

cavity or chamber. Applied to the sheila of Fnraninifera and MoituM'. 
UniTalte (lAt, UIIU9, oue; vaiva, folding-doors). A shell campossdarn 

single piece or valve. 



■ VeN' 

I ^Sl 

■ Veb 

■ Veb' 

■ co: 

■ Ver' 

■ 



A genus of aillcemis 



Ventral (Lat, venter, the atomaih). Belating to the inferior aurfaoe of ihs 

Venthicui.iteh (Lat. ucnfriciJam, a little si 

Spongea. 
Verjcpohm (Lat. vermis, worm ; 
Vbbtebba (Lat, vertii, I turn). ( 

column or backbone. 
VerTebbaIa (Lat. vertdrra, a bon 

rtivision of the Animal Kingdon 
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''horl. The spiral turn of a univalve shell. 

IPHOSVRA (Gr. xwhoSf a sword ; and oura, tail). An order of CrvMaceaj 
comprising the LimvU or King-Crabs, characterised by their long sword- 
like tails. 

TLOBIUB (6r. xulon^ wood; bios, life). An extinct genns of Myriapods, 
named in alltuiion to the fact that the animal lived on decaying wood. 

u»HRENns (proper name). A genus of Rugose Corals. 
suQLODONTiDiE (Gr. zeufflS, a yoke ; odoiUy a tooth). An extinct family of 
Cetaceans, in which the molar teeth are two-fanged, and look as if composed 
of two parts united by a neck. 

)0PHTTE (Gr. zodn, animal ; phtUoUy plant). Loosely applied to many plant- 
like animals, such as Sponges, Corals, Sea-anemones, Sea-mats, &c. 
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iciiio, 23S; conturta, 211, 21 



ABimbda, 198, se9. 
Aciculopecten, 1&6, 
AxophjfUvTti, ITJ. 



BucHaadla, 3Stl. 



B4la LlmutonB, BS. 



ButudHi £arlli, 33. 



BelemiMida, 3(D. 
Bdlnnotav " 

"— — J*™, lll,12».US,iefl: Argo, 
mmmit, HSi Citrotiaaitii, !1B. 
StloKpia, 9BS. 

BcmbildEa Bedi, SSS. 
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Culoifareui Baad-rook, 95, M. 
Colwno. 178, 
CoImneM IM, 1 , ... 
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CrratiUi, »'l-ll4 ; nsdaiw, SI!. 
CeiWadu, aU; ailui, iU; FatltrL S14, 

lllt,lU; omUui, 914. 
Ceriopan, 14fi ; HamUUmnuU, 14A. 
Ciriuiwiii, Xia, »3: Atnw^'U'n, 2H. 
CeniJa, at tbe HincuH perlud, aiT -, of 

UiB Ftlooana, SSS ; of Uie Pmt-PIliKuw, 

Cflrvm, 317; eapnotua, 83d, 3M; vfapAvf, 
C«8<niea>n PhiUppi. IGS, 2SS. 






; of ulmy-iioiutona, 31 ; of mi 

ConKlnmsntr, IB. 
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S43 ; of ttiA CrflUdeaUH^ ? 



CkaniPsCamiu, 
QbM&t.IDG,] 



of, 6-7. 

19, 14S, ISt, li^ W. 



Coomtiolii Orlti, 198, ; 

" Vt6>, ai, SM. 

IB Cng, 894. 



CkosiiBvpt, MS ; BthtOea, SD9. 
CliUT UBBSbme. flS, M. 
Ck4lTi)pUTa, of th« Eooeue, 804, iK ; of 
tlia&iDMii>,8n. 




iluiian, 1Z3-ISS : uf Uig DavouUu, lU. 

43; of the CarboDifeniaa, 178-181; ot 

f the Fennlui. 1»I ; i4 tb« Tilsa, ilt ; ol 

"■- ' '- """J Df the Oretacetrtu, 

CrjiplDgainB, 184. M2. 
CbmaaaUhvi, 1E9. 
CteaotUmla. III. 

QatUa-IMieg'(we'Dibnuiclilate Ceplialo- 

podi). 
CsathocnimB, ITG. 
Q^atAaphylluBi, iig, iti, ITS. 
Cyea^teru, 2fl2. 
diaa*, WS; nf the Carbonll^miia. ITO; 

orthflPenuiud, 1ST; of the Trias, ao8 ; 

of the Juiuiiu, 230 ; of the CretAceoua, 



ISl. 



Dicynodon, 220 ; lacerlieepi, !3[. 
XKdefpAif*, ast, SIS; gyptonan, SM. 
Didua ineptut, US. 
Dvlynutgrftptvj, 101 ; divaricatug, IH. 



tHTnorphaian, 2iT, 
l}inlcmy»,VA; BerUe 



Diaamis, 9M, 348; etephaTttiynu, I 

S47 ; gigajUetu. 848. 
i>moMuna (see i7tfiq«auWa), 
Ih'iu>(AeHnm (see Drinoifterium). 
Diphyph-jUnm, 143. 
i>ip^rr(pEitf, IOI4 llff; prUtie, 102. 
Dymot, 183, 18T, SIS 
DiVTOtodttn, 848| 840 ; oufKroita, 848. 
Dftrfera, 811. 
iJ&rinn, 87, 110, JST, 198. 
DitcaiSta, SOS ; cylindriea, Z8T. 
DitAyrooortf, 179 ; Samleri, 180. 




ElephBDta, 81», 330, 830. 

Elephai, SX\ Amerieanva, 3£T; an/i- 

-iiw, 3S9. 830,338, 841, 36T : Faimntrl. 
3 : KtlUentU, Sii : (MKdfmaKt, 319. 

380, 338, 3GT : planlfnmt, 3!1 1 mimi- 

Kniui. 380, 341, 35T, SES. 
854; Irish, 864, 36S. 
SUi^uaeBpAatui fictlR, 84. 
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" So far as real knowledge of the Eskimo is concerned, all that has been written of their hab- 
its, manners, and customs before Dr Rink took the subject in hand is little better than so much 
waste paper. Here was a very interesting race waiting to be understood, and biding its time. 
i)r Rink has been the first to do them that good office, and, like the preek philosopher of old, 
he appears on the scene of this inquiry, compared with all before him, as a sober man amongst 
drunkards. Though his book is nominally a collection of popular tales, it contains in reahty 
much more. In an elaborate introduction he treats in order of the means of subsistence of the 
Eskimo, of their language, social order, and laws; of their religion, origin, and 'history, and of 
the influence which contact with the Europeans has exerted on the race. ... As for the 
' Tales ' themselves, they will hold their own for genuineness and truth with those of any race. 
Lessons of justice and truth are always inculcated, and often in a terrible way." — Quarterly 
Rex'ic^v. 

THE ABODE OF SNOW. Observations on a Journey from 

Chinese Tibet to the Indian Caucasus, through the Upper Valleys of the Hima- 
laya. By ANDREW WILSON, Author of ' The Ever-Victorious Army.' 
With Map of the Author's Route, &c. New Edition. In crown 8vo, los. 6d. 

** A thrilling story of adventure, and an instructive account of picturesque regions which are 
very Hitle known to Europeans." — Times. 

** One of the most attractive books of travel it has been our fortune to meet with in a long 
course oi y^?its."— Major-General Sir F. Goldsmidt in the '^Academy.* 

Cheap Edition, 

WENDERHOLME : A Story of Lancashire and Yorkshire. 

By PHILIP GILBERT HAMERTON, Author of * A Painters Camp,' * The 
Sylvan Year,' ' Round my House,' &c. In i vol. crown 8vo, 6s. 

** In its present, as in its original form, * Wenderholme' is a delightful book, characterised by 
that commingling of simplicity and high culture which marks everything that Mr Hamerton 
w ri tes . " — Scotsman. 

New and Cheaper Edition. 

DANIEL DERONDA. By George Eliot. In 4 vols, crown 

8vO, 2IS. 
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NINETY YEARS OF WORK AND PLAY. Being Sketches 

from the Public and Private Career of JOHN CHRISTIAN SCHETKY, late 
Marine Painter in Ordinary to the Queen. By his DAUGHTER. In i vol. 

8VG. 

THE PILOT AND HIS WIFE. From the Non\'egian of 

Jonas Lie. By J. L. TOTTENHAM. In i vol. 

MOTTISCLIFFE: An Autumn Story. By James Walter 

FERRIER. In 2 vols. 
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HANDY ENGLISH ETYMOLOGICAL DICTIONARIE; 



AN ETYMOLOGICAL AND PRONOUNCING 

DICTIONARY OF THE ENGLISH LANGUAI 



By THE Rev. JAMES STORMONTH. ■ 

The Pronundation carefully revised by Rev. P. H. PHELP, M.A. ^M 

Third Edition, revised, and enlarged witli a Supplement of many additional 

words ; and a List of Scripiure proper names, and other names, all 

respelt for pmnuncJBtion. Crown 8vo, pp. 785. 7s. fid. 



" This DiaiaatMjy aiulmi 
have lunwd 10 *cafvDity/ ' 
,1—^ .11 .i^^^MmA ■.»n...^r.,„ , 



ailmirahlc. The ctyniDlcgical part especiaiiy is good and so 



hiKh u we used la And in Ihc eiymoloEi^ diciioj 



- ..-.„ „. Ihc eiymo^ogioJ diciioiiaries of ilw t^d tjyt- 
igLiih scIioqI, whether boyi' 01 girts*."— M'ff/NnMitr 



Bv THE SAME Author. 

THE SCHOOL ETYMOLOGICAL DICTIONARY 

AND WORD-BOOK. 
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Thii is nubilr an abridgment of Mi Sldimonlh's laijer Elymolsgiial Dictionaiy. whkli 
-. — already been lavi>iirHbly cnndaedin "The Scii<io]nuwer.' ihK Dictionary, which ctml^iu 
every wt}rd in onlinary use, is fbllawed up by a cartfuUyiirepared list of pTeftxesandpasfilCK 
with illuursllvi cicuDplcs, and a Tooiboliry of Lacm. Greek, and athot rool-wai^ feUtrirM 
by deiTVBd Engtish words, li will be obviuus ID evoy eiperienced teacher, thu ibets ^ 

uadforbelpiDgunroiiuiuitepupiiiDvct the lerrihle difficulties, of our uiuy>teinaticaiidstDbbi>n 



unhaeraphy. We think this volume will be a valiuble addltii 
and, (TriEhtlyi ' '■ " - .- 
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